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An assessment of the Honeoye Creek watershed was undertaken to determine the nutrient and 
sediment contribution to the Lower Middle Main Stem of the Genesee River and to determine 
sources of nutrient and sediment loss geospatially within the Honeoye Creek watershed.  To 
accomplish this task, a multifaceted, integrated approach was taken by a combination of 
monitoring, segment analysis, and modeling (Soil and Water Assessment Tool).  Thus, the river 
was monitored for discharge, water chemistry, and loss of nutrients and soil for an entire year 
(3 August 2010 to 23 August 2011) at the USGS gauging station at Honeoye Falls and Golah, NY. 
The Honeoye Creek Soil and Water Assessment Tool (HCSWAT) model was created, calibrated, 
and verified for discharge, sediment, and P loss using these data.  Based on the measured 
loading data to a subbasin outlet and the SWAT model, segment analysis was performed on 
selected subwatersheds to determine sources of material loss. Together these two bodies of 
information, the total amount of nutrients, sediments, and bacteria lost from the watershed 
and the sources of these losses, served to direct watershed management.  Lastly, the HCSWAT 
model was employed to test the effectiveness of Best Management Practices (BMPs) on land 
use and to determine the minimum potential P concentration expected in a forested Honeoye 
Creek watershed.     
 
Although Honeoye Creek is not one of the most impacted tributaries within the Genesee River 
basin, it does contribute a significant amount of P to the Genesee River.  This study quantified 
the total loss of nutrients and sediments from the Honeoye Creek watershed, identified the 
location of point and nonpoint sources of nutrients and sediment, and determined the most 
effective practices to manage these sources using the Soil and Water Assessment Tool (SWAT).  
A water quality target of 65 µg P/L for P in streams is obtainable by upgrading Wastewater 
Treatment Plants (WWTPs) in the Honeoye Creek watershed.  To achieve the 45-µg P/L 
standard, management practices targeting nonpoint sources caused by agriculture would be 
needed in addition to the upgrade of the WWTPs to tertiary cleanup.  
 
Executive Summary 
1. The Genesee River project encompasses six volumes (Makarewicz et al. 2013 a,b,c; Winslow 
et al. 2013, Rea et al. 2013, Pattenski et al. 2013).  This volume focuses on the Upper 
Genesee River subwatershed of the Genesee River. 
2. The overall goal of this portion of the Genesee River Watershed Project was to assess the 
impact of the Honeoye Creek watershed on the Genesee River by: 
a. Determining the seasonal and annual nutrient and soil loss from the Honeoye 
Creek watershed to the “main stem of the Genesee River” using routine water 
sample collection and analysis and discharge measurements from monitoring 
stations at the USGS station at Honeoye Falls; 
b. Identifying the location and magnitude of point and nonpoint sources of nutrients 
and sediments within the Honeoye Creek watershed using segment analysis; 
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c. Constructing and calibrating the Soil and Water Assessment Tool (SWAT model) 
for water output, sediment, and total phosphorus loading from the Honeoye 
Creek watershed; 
d. Developing a Total Maximum Daily Load for the Honeoye Creek; 
e. Developing a target phosphorus concentration for Honeoye Creek by running the 
SWAT model using a 100% forested land-use dataset; and 
f. Providing management scenarios to reduce the impact of Honeoye Creek on the 
Genesee River Basin based on SWAT simulations. 
 
3. Almost 84% of the discharge of water from Honeoye Creek at Honeoye Falls occurred in 
relatively equal amounts in the winter (42%) and the spring periods (42%).  The yearly 
average concentrations of soluble reactive phosphorus (SRP) and total phosphorus (TP) were 
16.9 ± 2.1 µg P/L and 62.9 ± 7.8 µg P/L, respectively.  As was the case with TP, TSS (total 
suspended solids) concentrations were highest during the winter months (46.1 ± 20.6 mg/L) 
and lowest during the fall (14.6 ± 3.8 mg/L).  The yearly TSS average concentration was 25.3 
± 4.7 mg/L.  Total coliform concentrations were highest during the summer months (9,912 ± 
2,248 CFU/100 mL). 
 
4. In all seasons for each analyte, event concentrations were always higher than nonevent 
concentrations in creek water. The largest increase in TP and SRP concentrations from 
nonevent to event conditions occurred during the winter - 783% (20.0 ± 0.8 to 176.5 ± 64.9 
µg P/L) and 471% (5.1 ± 0.5 to 29.1 ± 10.8 µg P/L), respectively.  Major increases in total 
coliform abundance occurred during events in the summer (151%) and the winter (633%).   
Total suspended solids and TP (r2 = 0.90) and TN (r2 = 0.76) were highly correlated at the 
USGS gauging station in Honeoye Falls.    
 
5. Except for total coliforms, the loss (loading to downstream systems) of nutrients and soil 
from the Honeoye Creek watershed was highest in the winter, decreased into the spring to 
summer, and began to increase in the fall.  For SRP, TP, nitrate, TN, and TSS, 57% (1,093 kg), 
57%, (6,548 kg), 72% (31,631 kg), 58% (59,374 kg), and 61% (3,671,353 kg) of the load to 
downstream systems occurred in the winter. 
 
6. The areal TP load from Honeoye Creek (43% agriculture, 38% forest), 0.44 kg TP/ha/yr, was 
lower than loads from other agriculturally dominated watersheds (Oak Orchard, Golden Hill, 
and Wolcott Creeks; 1.04, 0.88, and 1.37 kg TP/ha/yr, respectively), similar to those of other 
watersheds dominated by a mix of suburban/ forest and forest agriculture, very similar to 
the load of another Genesee River watershed (Black Creek) but higher than those from 
watersheds that were deemed forested. 
 
7. The Honeoye Creek Soil and Water Assessment Tool was successfully calibrated at Honeoye 
Falls, NY (Honeoye Falls USGS station (Lat 42°57'26", long 77°35'21") for flow, TSS, and TP 
for the water year August 2010 through July 2011 based on monthly observed discharge, 
TSS load, and TP load.  Model Validation for water balance was for the water year of 
January 2001 through December 2001.  The results from HCSWAT calibration and validation 
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with high NSE and r2 values and low PBIAS for water balance, sediment, and P indicated that 
this model is accurately predicting stream flow and sediment and P loading at Honeoye 
Falls, NY. 
 
8. According to the Honeoye Creek Soil and Water Assessment Tool (HCSWAT)-derived P 
allocation of sources in Honeoye Creek,   71.5% of the TP from the Honeoye Creek 
watershed was due to anthropogenic sources, specifically agriculture and municipal sewage 
systems.    Although the SWAT provides estimates of P loads from various land uses, it 
neither identifies the location nor quantifies the relative amount of phosphorus that may be 
attributed to a given land use, whether it be a point or nonpoint source. Segment analyses 
of various portions of the Honeoye watershed were performed on five dates in 2010 and 
2011 to identify and confirm various P sources. 
 
9. Within the Honeoye Creek watershed, the average annual SWAT-generated TP and TSS 
concentrations at Honeoye Falls were 77.7 µg P/L and 25.3 mg/L and were similar to the 
observed stream concentrations of 62.9 µg P/L and 25.3 mg/L.  Converting the Honeoye 
Creek watershed back to a natural state (forest and wetland) resulted in a simulated 
average annual P and sediment concentration of 44.8 µg P/L and 9.7 mg/L and represented 
the absolute minimum average concentration of P and suspended sediment of water 
expected.  This result suggests that a target stream TP concentration of 65 µg P/L, often 
suggested as a goal for surface waters in New York, and even 45 µg P/L can be achieved 
within Honeoye Creek.   
 
10. Knowledge of the proportion of P coming from natural and anthropogenic sources allows 
targeting of management efforts and is an integral part of the development of a TMDL.  
Source allocation of the annual TP load of Honeoye Creek was accomplished with the 
HCSWAT model.   Of the 12,762 kg TP/yr of P lost from the watershed, 31.5% was from 
agricultural crops (4,015 kg TP/yr), 0% from tile drainage (<1 kg TP/yr), and 2.0% from 
CAFOs (Concentrated Animal Feeding Operations)(256 kg TP/yr).  Another large source of P 
was from municipal wastewater treatment, which contributed 36.0% (4,591 kg TP/yr) to the 
P lost from the Honeoye Creek watershed.  Goundwater (25.1%), wetlands (<0.1%), forest 
(3.4%), and streambed erosion (<0.1%) were considered natural and contributed 28.5% or 
3,641kg TP/yr of the nutrient load.  The P load allocation analysis demonstrates that more 
than 71.5% of the TP load is due to anthropogenic sources and that managing the current 
land-use practices will likely improve the water quality of Honeoye Creek. 
 
11. After the completion of the segment analysis to identify and confirm point and nonpoint 
sources, the HCSWAT model was utilized to determine the management options to reach 
certain water quality targets proposed by the NYS Department of Environmental 
Conservation.  Through segment analysis and HCSWAT, a total of eight critical source areas 
were located: four WWTPs, one CAFO (Walker Farm) in the upper reaches of Honeoye 
Creek, two areas dominated by agriculture (Honeoye Falls to the mouth of the Genesee 
River and the middle portion of the watershed), and one suspect area between the 
Honeoye Lake WWTP and the outlet of Honeoye Lake.  SWAT analysis of P loads also 
5 
 
suggests that the subbasins below the Honeoye Falls, Honeoye Lake, and the Lima WWTPs 
and the agriculture-dominated area (~75%) in the middle of the watershed (~ the area from 
Honeoye to Honeoye Falls, NY) have elevated levels of P.  Of the four WWTPs (Honeoye 
Lake, Honeoye Falls, Springwater, and Lima) that currently exist in the Honeoye watershed, 
only the Honeoye Lake WWTP is a tertiary plant.  A target stream concentration of 65 g 
P/L was achieved at Honeoye Falls by upgrading all WWTPs in the watershed to tertiary 
treatment plants “or” by removing them.    
 
12. The HCSWAT model also suggests the more stringent criteria of 45 µg P/L is also attainable 
for Honeoye Creek.  To achieve a 45-g P/L annual average target concentration at 
Honeoye Falls, NY, three management scenarios were simulated: Management Scenarios 2, 
3, and 4. In all three scenarios, secondary WWTPs were upgraded to tertiary plants, but in 
addition cover crops were added in Scenario 2, strip cropping and buffer strips to Scenario 
3, and grassed waterways to Scenario 4.   In all three of these management 
scenarios/simulations, average annual concentrations decreased from the current annual 
average of 77.7 g P/L to near the target of 45 g P/L. 
 
13. Human activities within the Honeoye Creek watershed have significant impacts on land-use 
and water-use patterns.  Approximately 71.5% of the TP load can be attributed to 
anthropogenic sources.  In the Honeoye Creek watershed, point sources, such as 
wastewater treatments plants, and nonpoint sources, such as runoff of sediments and 
nutrients from croplands, are the major causes of nutrient and sediment loss to 
downstream systems, which often have major impacts on downstream ecosystems.  
Honeoye Creek by itself is not a major contributor of P to the Genesee River.  However, the 
cumulative P load from the major tributaries (Upper Genesee, Black Creek, Oatka Creek, 
Canaseraga Creek, and the main stem of the Genesee River) to the nearshore of Lake 
Ontario represents  the second highest P load to Lake Ontario after the Niagara River 
(Makarewicz et al. 2012).  Nearshore Lake Ontario in the Rochester embayment is affected 
by the high load of nutrients and sediment from its tributaries and suffers from many 
beneficial use impairments such as eutrophication, nuisance algae, beach closings, reduced 
aesthetics, and degradation of habitat for many organisms (Makarewicz 2000).  Because of 
these issues, it is imperative that sources of nutrients and sediments be better managed 
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Excessive nutrient inputs from tributary watersheds are linked with persistent degradation in 
the nearshore waters of Lake Ontario (Makarewicz and Howell 2007).  Key to understanding the 
nature of water quality issues in Lake Ontario is understanding the inputs and transport 
mechanisms of nutrient runoff in the subwatersheds (Sims et al. 1998).  As the tributary with 
the second highest phosphorus load into Lake Ontario (Makarewicz et al. 2012), the Genesee 
River is of particular interest.  In conjunction with the United State Department of Agriculture 
(USDA), SUNY Brockport’s water quality laboratory has monitored the Genesee since August of 
2010 in an ongoing study generally referred to as the Genesee River Watershed Project. 
Sampling has been conducted at numerous sites along the river and its tributaries, with 
analyses focused primarily on total suspended solids (TSS), and nutrient and bacterial 
concentrations throughout the system.  This report is one of six reports on this work and 
specifically focuses on the “Honeoye Creek” portion of the Genesee River (Fig. 1).  The Honeoye 
Creek watershed drainage begins in the New York Towns of Wayland, Springwater, and Naples 
with water flowing northward. Honeoye Creek encounters three lakes and continues north 
through the Village of Honeoye Falls, eventually veering westward where it empties into the 
Genesee River at Golah, NY – the southern boundary of this reach  in the Town of Rush 
(Honeoye Lake Watershed Management Plan 2005) (Fig. 2). 
 
The watershed area of the entire Honeoye Creek watershed is 691.5 km2 (267 mi2) at Golah, NY, 
and 507.6 km2 (50,760 ha, 196 mi2) at the USGS site at Honeoye Falls, NY (Fig. 2; USACE 1988, 
USGS 2011). All features of the topography and soils in this watershed are considered 
geologically “young” (<11,500 years old). Kames (mounds or hummocks), strandlines 
(abandoned shoreline), and outwash deltas are visible on the valley floor as part of the 
recessional moraine left from the last glacial retreat (Honeoye Lake Watershed Management 
Plan 2005). The Onondaga escarpment crosses the northern portion of the watershed near 
Honeoye Falls (Fig. 2).  The climate in Rochester, NY, and the Genesee valley is fairly humid and 
modified by the proximity of the Great Lakes with precipitation evenly distributed throughout 
the year (McLaughlin 2011). For the region’s latitude, the growing season is relatively long at 
about 180 days and benefits from abundant summer sunshine and ample spring moisture 
(McLaughlin 2011).   
 
The watershed includes three natural lakes Honeoye, Hemlock, and Canadice that receive water 
from streams draining upland, more hilly watersheds, while areas downstream of the lakes 
contain rolling hills with rich soil suitable for agriculture (USGS 1904).  The hydrology of two of 
the lakes has been altered over time.   For example, in 1876 a conduit 44.7 km (27.75 mi) long 
was constructed to convey water from Hemlock Lake to the Mount Hope reservoir to augment 
Rochester’s drinking water supply, and in 1895 a flume controlling the outflow from Hemlock 
Lake was constructed (USGS 1904). Currently, Hemlock Lake, as well as water diverted from 
Canadice Lake, serves as a major source of drinking water for the City of Rochester.  Actual flow 
from Hemlock Lake to Honeoye Creek occurs infrequently, as an average rate of 140,060 m3/d 
(37mgd) is diverted to Rochester.  During high spring flows, some water does move from 
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Hemlock Lake to Honeoye Creek (Hayhurst et al. 2010). The outlet from Honeoye Lake is 
unregulated and flows northward where it is joined by Whetstone Brook, Beebe Creek, Abbey 
Gulf, and the Hemlock Lake Outlet (Honeoye Lake Watershed Management Plan 2005).  The 
discharge of Honeoye Creek water (USGS Site 04229500 in Honeoye Falls, NY) is measured 24.6 
km (15.3 mi) upstream from the mouth at Golah, NY (Fig. 2).  
 
Land use is dominated by agriculture (43%) and, for the region, a very high percentage of forest 
(39%) (Table 1). This high percentage of forest is due primarily to the land set aside for the 
protection of the City of Rochester’s drinking water source.  In addition, there are four 
wastewater treatment plants (WWTP) located in the Honeoye Creek watershed (Honeoye Lake 
County Wastewater Treatment Plant, Honeoye Falls WWTP, Lima WWTP, Springwater WWTP).  
Detailed information on each of the plants and their SPDES permit information is presented in 
Table   2. The Hemlock Lake Outlet Dam is the only other active SPDES permit (City of Rochester 
for filtration of drinking water) in the Honeoye Creek watershed. One large Concentrated 
Animal Feeding Operation (CAFO, >900 head) exists in the Honeoye Creek watershed located in 
Wayland, NY (Fig.  2).  
There appears to be few water quality studies on Honeoye Creek. The studies include Applin 
(2001), Hayhurst et al. (2010), Sherwood (2005), and Rafter (1905).  Rafter (1905) reported on 
analytical data taken by a Professor Lattimore around the turn of the 20th century at three sites 
on Honeoye Creek.  The data was reported in parts per 100,000 as total solids (range 12.5 – 
19.0) and sodium chloride (range = 0.30 – 0.33), and ‘none’ was reported for nitrate (Rafter 
1905). More recently, Applin (2001) in a one-day sampling effort took seven samples in the 
Honeoye Creek watershed on 21 May 2001.  Six of the samples were along a reach of Honeoye 
Creek in the proximity of Honeoye Falls, NY, while the seventh sample was taken from the 
outfall of the Honeoye Falls sewage treatment plant.  Total phosphorus was reported as < 0.2 
mg/L for all the stream samples and 3.86 mg/L at the sewage plant where fecal coliforms were 
5,000 CFU/100 mL and turbidity was 42 NTU. In Honeoye Creek, fecal coliforms ranged from 12 
to 52 CFU/100 mL while turbidity ranged from 9 to 23 NTU (Applin 2001). Sherwood (2005) 
monitored Honeoye Creek at Honeoye Falls, among other creeks in Monroe County, NY, from 
October 2000 to September 2002. Sherwood (2005) reported the following median 
concentrations for the period:  total phosphorus (TP) = 43 µg P/L, soluble reactive phosphorus 
(SRP) = 8 µg P/L, nitrate = 0.14 mg/L, total suspended solids (TSS) = 51 mg/L, chloride = 41 mg/L, 
sulfate = 27 mg/L, and turbidity = 7.3 NTU. Sherwood (2005) also estimated monthly loads for 
TP, SRP, ammonia, nitrate, chloride, and sulfate for the three water years (2000 to 2002).   From 
2003 to 2008, Hayhurst et al. (2010) monitored the Genesee River and five creeks that impact 
Monroe County (Northrup, Irondequoit, Oatka, Honeoye, and Black Creeks). Of the streams 
monitored, Honeoye Creek had the lowest yields of stream flow, nitrate plus nitrite nitrogen, 
ammonia plus organic nitrogen, and chloride. These low yields were attributed to a decrease in 
flow due to the withdrawals from Hemlock and Canadice Lakes for the city of Rochester water 
supply, a relatively undeveloped basin that is less urbanized and has less intensive agricultural 
use (Hayhurst et al. 2010). The Honeoye Lake Watershed Management Plan (2005) addressed 
the eight minor tributaries flowing into the lake and Honeoye Lake water quality itself. Also, 
Makarewicz et al. (2003) described intermittent nutrient loading to Cratsley Gully, a small 
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steam that drains into Honeoye Lake.  There were no water quality samples that were taken 
from the Honeoye Lake outlet discharge into Honeoye Creek.  
 
Goal and Objectives 
The overall goal of this portion of the study was to assess the impact of the Honeoye Creek 
watershed on the Genesee River by: 
1. Determining the seasonal and annual nutrient and soil loss from the Honeoye Creek  
watershed to the “main stem of the Genesee River” using routine water sample collection 
and analysis and discharge measurements from monitoring stations at the USGS station at 
Honeoye Falls; 
2. Identifying the location and magnitude of point and nonpoint sources of nutrients and 
sediments within the Honeoye Creek watershed using segment analysis; 
3. Constructing and calibrating the Soil and Water Assessment Tool (SWAT model) for water 
output, sediment, and total phosphorus loading for the Honeoye Creek; 
4. Developing a Total Maximum Daily Load for the Honeoye Creek; 
5. Developing a target phosphorus concentration for Honeoye Creek by running the SWAT 
model using a 100% forested land-use dataset; and 
6. Providing management scenarios to reduce the impact of Honeoye Creek on the Genesee 
River Basin based on SWAT results. 
 
Methods 
Honeoye Falls Sampling Locations 
Sampling at the USGS site at Honeoye Falls on Honeoye Creek began on 3 August 2010 (Fig. 2).  
Another site was added to the sampling regime on 2 November 2010 at Golah, NY, near the 
mouth of Honeoye Creek.  At both locations weekly subsurface grab samples were taken in RBS 
rinsed 1-L bottles.  A portion of the raw sample was filtered using a MAGNA 0.45-micron filter 
into a 30-mL RBS rinsed bottle immediately upon collection for use in SRP and nitrate analyses.  
Raw and filtered samples were placed on ice until being placed in a refrigerator upon arrival at 
lab.  Sites were sampled until 23 August 2011. 
 
Wastewater Treatment Plant (WWTP) Effluent Sampling 
With discharges less than 1 million gallons per day (3,785.4 m3), the four WWTPs in the 
Honeoye Creek watershed are all Class C or lower:    Lima WWTP on Spring Brook, Honeoye 
Falls WWTP on Honeoye Creek, Springwater WWTP on Spring Creek, and the Honeoye Lake 
County WWTP (Fig. 2, Table 2). At each location, five samples were taken upstream and 
downstream of each WWTP site.  Wastewater treatment plant samples were analyzed for TP, 
nitrate, TSS, SRP, TN, and TC (total coliforms). A Mann-Whitney U-Test was employed to test 





Discharge for Honeoye Creek was obtained from the U.S. Geological Survey stations located in 




Segment analysis is a useful method to identify point and nonpoint sources of nutrients and 
soils within an entire watershed (Makarewicz and Lewis 1999).  In general, the process is as 
follows:  a tributary(s) watershed is divided into smaller and smaller geographic units with 
water samples taken for analysis at the beginning and end of each segment.  By examining 
concentrations or loading above and below a series of sites, point and nonpoint sources may be 
identified in a quantifiable manner. Five (7 September 2010, 14 September 2010, 21 September 
2010, 28 September 2010, 21 November 2011) segment analyses were performed  on the 
Honeoye Lake watershed. 
 
Water Quality Analysis 
Water samples were analyzed for TP, SRP, nitrate+nitrite (NO3+ NO2), TN, TSS, and TC weekly 
throughout the study period.  Water samples taken in the field were transported on ice and 
logged into the laboratory database upon arrival to the SUNY Brockport water quality 
laboratory.  Analytical methodology is as follows: SRP (APHA Method 4500-P, APHA 1999), TP 
(APHA Method 4500-P-F, 1999), TN (APHA Method 4500-N C), NO3+ NO2 (APHA Method 4500-
NO3-F), TSS (APHA Method 2540D), and TC (3M Petrifilm Coliform Count Plate).  All analyses 
were performed on a Technicon AutoAnalyser II with the exception of TSS and TC.  Method 
Detection limits were defined as:  SRP (0.48 µg P/L), TP (0.38 µg P/L), NO3+ NO2 (0.005 mg N/L), 
TN (0.15 mg N/L), and TSS (0.2 mg/L).   
 
Quality Control 
All water samples were analyzed at the NELAC certified (NY Lab# 11439) State University of 
New York at Brockport Water Chemistry Laboratory.  Soluble reactive phosphorous was 
analyzed within 24 hours after samples were taken.  Nitrate, TP, TN, and TSS were analyzed 
within two days after sampling.  The laboratory has a NELAC certification program, which 
includes proficiency audits and inspections that occur annually.  Duplicate samples, laboratory 
quality control samples, matrix spikes, and method blanks were performed once for every 20 
samples analyzed. 
 
Soil and Water Assessment Tool (SWAT Model) Application 
Model Setup 
A Soil and Water Assessment Tool (SWAT) model was built for the Honeoye Creek watershed 
using four core datasets as follows:  land cover [National Land Cover Dataset (NLCD, Fry et al. 
2011), (USGS-MRLC 2006)], soils [State Soil Geographic Database (SSTATSGO)(USDA-NRCS 
2006)], topography [Digital Elevation Model (DEM) National Elevation Dataset (1/3 arc second, 
10 meter resolution) (USGS 2010)], and weather [daily precipitation and temperature (NOAA-
NWS 2011)].  The daily precipitation and temperature data for the study period (1 January 2008 
through 31 July 2011) were obtained from three National Weather Service (NWS) stations 
located in Rochester (COOP-ID 307167), Avon (COOP-ID 300343), and Hemlock (COOP-ID 
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303773), NY. The model utilizes the data by associating the NWS station that is geographically 
closer to each subbasin. The in-program climate generator for ArcSWAT produced all other 
climate data.  Multiple hydrological response units (HRU) were created for each subbasin using 
a 10/20/20 % threshold for land use, soil type, and elevation, respectively, with the exception 
of residential land uses which were exempted from these thresholds, forcing the model to 
create HRUs for them so that they could be utilized for septic system inputs.   
 
Outlets for the model or pour points of a subwatershed drainage area within the watershed 
were placed at the location of the USGS monitoring station at Honeoye Falls (hydrologic unit 
04229500).  Additionally, outlets were placed within subbasins containing point sources and the 
CAFO, and the whole watershed outlet was placed at the mouth of Honeoye Creek before it 
empties into the Genesee River.  The model resulted in 22 subbasins and outlets (Fig. 2).  
 
Source Inputs 
There are several sources within the watershed that heavily influence the quantity and timing 
of sediment and nutrient inputs to Honeoye Creek.  These include crop management practices, 
point sources of pollution, and a CAFO.  To provide a more realistic prediction of sediment and 
TP output, these sources were incorporated into the Honeoye Creek SWAT model.     
 
Crop Data 
The percent crop distribution for the Honeoye Creek watershed was determined using the New 
York State 2010 Crop Data Layer (USDA-NASS 2010).  Within the watershed the crop 
distribution for the year 2010 was 34% corn, 20% pasture/grass, 17% alfalfa, 10% soybeans, 9% 
winter wheat, 4% range grasses, 2% dry beans, 2% oats, and 3% agricultural land generic (an 
aggregate of the crops that were less than 1%).  This information was used to split the 
agricultural row crops land-use class into subclasses in order to account for the specific 
agricultural practices for the calibration period.  Once crop data was incorporated into the 
model, Final HRU analysis resulted in 772 HRUs and 22 subbasins. 
 
Crop rotation and fertilizer sequences were based on county data provided by the Soil and 
Water Conservation District and the Cornell Guide for Integrated Field Crop Management (CCE 
2010).  The first year of each rotation, where the cover crop coincided with the 2010 Crop Data 
Layer, was used to ensure that the crop cover during the calibration year was accurate.  Spring 
tillage was assumed to occur in early to mid-May due to spring 2011 being a ‘wet season’; fall 
tillage occurred in mid-October depending on the crop type.  Additionally, a starter fertilizer 
high in nutrients was applied to agricultural fields in early May.   
 
Point Sources 
Point source inputs for discharge and TP load included four municipal WWTPs that exist in the 
Honeoye Creek watershed (Table 2, Fig. 2).  Additional subbasin outlets were added to create 
additional model subbasins to isolate point sources (Fig. 2). A GIS layer defining the locations of 




Monthly discharge data values for sites were acquired from the Environmental Protection 
Agency NPDES permit database and the New York State Department of Environmental 
Conservation web for Water Discharge Permits (WDP) (USEPA 2011). Nutrient analysis was 
conducted on the effluent and was subsequently used as input for load calculations. 
   
Point source inputs of phosphorus (P) into the SWAT model need to be in the form of organic P 
and mineral P.  The SWAT model uses the Qual2E module to model nutrients within the 
watershed.  Contrary to what is known by analytical chemists as the four fractions of P (soluble 
reactive, particulate, acid-hydrolyzable, and organic), this module assumes that mineral P is 
designated as inorganic P (SRP or orthophosphate) and organic P is designated as every other 
form of P other than soluble reactive (personal communication: Dr. James Almendinger, St. 
Croix Watershed Research Station, Science Museum of Minnesota).  Therefore results from SRP 
were used as mineral P inputs, and the organic P as defined by SWAT was the difference 
between TP and SRP.  The mineral P and organic P loads were then calculated from 
concentration and discharge to be used as inputs to the SWAT model.   
 
Once a point source output was quantified, it was inserted directly into the SWAT model via the 
edit SWAT input file function in the SWAT interface.  Point source discharges that had a 
constant monthly load were inserted directly into the subbasin as a constant daily load.  Flow 
was inserted in cubic meters, and loads of organic P and mineral P were added as kg/d as 
specified by the SWAT manual.   
 
Confined Animal Feeding Operations 
Confined animal feeding operations (CAFOs) are a nonpoint source of nutrients and sediments 
and were incorporated into the HCSWAT model.  A single CAFO exists in the Honeoye Creek 
watershed; it was added to the model as the amount of manure spread on waste application 
fields (WAFs) as fertilizer.  The amount of manure produced by the CAFO as viable dairy manure 
for fertilizer was obtained from the CAFO’s 2010 annual permit made available via a FOIA 
request and provided by Nancy Rice of the NYSDEC. 
  
The manure application rate for the CAFO was calculated by dividing the total amount of 
manure produced by the CAFO by the total hectares of land area where manure is actually 
spread in the watershed.  This application rate was then applied to specific agricultural row 
crop HRUs within the subbasin where the CAFO is located.  The HRU areas where manure 
fertilization was applied was matched up with the real application area within the subbasin.  
This is consistent with the method used by Santhi et al. (2001) to simulate dairy operations in 
the Bosque River watershed.  Manure application rates were applied as continuous fertilization 
applied to the surface soil layer with a frequency of 30 days.      
 
Septic Systems 
When septic systems are extended to active in an HRU within SWAT, the entire HRU is 
considered as having septic systems (personal communication: Dr. Raghavan Srinivasan, Texas 
Agricultural Experiment Station, Blackland Research Center). Knowing this, septic systems must 
be applied only to residential areas where septic systems are likely to occur.  Active septic 
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systems were applied to HRUs with the land use designated as Low Intensity Residential 
Developed Land which can be defined as “Areas with a mixture of constructed materials and 
vegetation, impervious surfaces account for 20-49 percent of total cover, these areas most 
commonly include single-family housing units” (USGS-MRLC 2006).   
 
Active septic systems were applied to all HRUs with residential land use with the exception of 
subbasins 7, 8, 15, 17, and 21 to account for sewered regions in the Honeoye Creek watershed.  
The septic system type used was ‘septic tank with conventional drainfield’ which is the most 
accurate for homes in western New York.  
 
Ground Water 
Well water samples were taken in 2012 at sixteen locations within the Genesee River 
watershed to determine the average TP concentration of groundwater.  Total phosphorus 
concentrations ranged from 0.7 to 162.7 µg P/L with an average of 22.1 µg P/L. The median 
values and range of values for SRP in well water in sand and gravel formation was 18 µg P/L and 
8 to 111 µg P/L (USGS 2012).    In the model, we used a value of 25 µg P/L.  
 
Calibration and Verification 
The Honeoye Creek SWAT model was calibrated for water balance, TSS load, and TP load at the 
Honeoye Falls monitoring station for the period August 2010 through July 2011. Calibration 
criterion used included the Nash-Sutcliffe prediction efficiency, correlation coefficient (r2), the 
percent bias (PBIAS) between observed values to SWAT output, and visual distribution of peaks 
(Moriasi et al. 2007).     
 
Flow/Discharge 
Initial calibration for discharge using the various evapotranspiration schemes available in SWAT 
suggested that the Honeoye SWAT model was grossly under predicting the flow of water 
(average of 1.98 m3/s) at the calibration site (USGS Site at Honeoye Falls) during the winter and 
early spring; that is, more water was actually leaving the basin than predicted by SWAT.  The 
forcing climate data was checked and determined not to be a cause of the missing water.  
Studies on the Onondaga Formation, a limestone belt that crosses upstate New York State east 
to west (Baschnagel 1966), have observed large annual water table variations in Erie County, an 
area west of Honeoye Creek (Kappel and Miller 1996, Staubitz and Miller 1987).  Richards et al. 
(2010) noted that large areas of the Onondaga Formation are thinly soiled, contain sinkholes, 
and have fractured bedrock areas where precipitation may enter into the formation and the 
groundwater system to be stored throughout the year.  Dynamic seasonal rises in the water 
table have also been observed during the January to April time period when water stored in the 
formation is likely discharged to surface waters (Richards and Craft 2008, Daniluk et al. 2008, 
Voortman and Simons 2009, Richards and Rhinehart 2006, Daniluk 2009, Dunn Geoscience 
Engineering Co. 1992).    
  
By comparing the monthly deficit between HCSWAT-predicted discharge with USGS-measured 
discharge, the Honeoye Creek watershed appears to be receiving water from the Onondaga 
Formation from January through March.  Richards et al. (2011), Winslow et al. (2013), and 
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Pettenski et al. (2013) observed a similar scenario in watersheds just to the west of Honeoye, 
Oak Orchard, and Black Creeks, New York.  Since movement of groundwater is northward 
within the Onondaga Formation, portions of the Honeoye Creek watershed north of the karst 
region is the likely destination of portions of this ground water (Fig. 2).  Richards et al. (2011) 
estimated the amount of water entering the watershed from the Onondaga Formation and 
entered this amount to calibrate and validate the Oak Orchard SWAT model. At Oak Orchard 
Creek, the additional water was added to the subbasins where the escarpment crosses the 
watershed. At Honeoye Creek, a similar approach was taken to account for the “missing” water; 
that is, subbasins at the base of the escarpment of the Honeoye Creek were assumed to receive 
groundwater from outside the watershed via the Onondaga Formation.  Water was added into 
subbasins 3, 5, 6, 7, and 8 (Table 3, Fig. 2), subbasins that contain the karst region (Table 3,  Fig. 
2), at a daily resolution for the months of January, February, and March.  The amount of water 
to be added was calculated based on the mean water discharge deficit for the months of 
January through March observed from an 10-year (1998-2008) initial SWAT model run.  
 
In addition to adding water through water use parameters, model parameters for soil, surface 
water, and groundwater were altered (Table 4, Also see Appendix 1).  Surface runoff was 
calibrated by altering the curve number (CN) and ESCO to obtain observed peak flows.  The 
Curve Number (CN) in the HCSWAT was reduced by 23%, a larger change than suggested by 
Neitsch et al. (2002) who stated that CN should not be changed by more than 10%.  A 
substantial reduction in the CN was also necessary to calibrate neighboring watersheds to 
Honeoye Creek, Black Creek, and the Oak Orchard watershed SWAT model.  Richards et al. 
(2010) related this excessive reduction in CN to “the presence of flat and internally drained 
topography at watershed scales.”   
 
Sediment and Nutrient Loading Calibration 
After flow was successfully calibrated, the model was calibrated for TSS and TP from measured 
values at the Honeoye Falls monitoring station (USGS site) for the August 2010 through July 
2011 period.  These two parameters are also highly impacted by surface runoff and movement 
of sediments, which are influenced by agricultural activities, crop distribution, and the timing 
and location of fertilizer and tillage practices.  Because these two parameters are closely 
related, they were calibrated simultaneously in the Honeoye Creek SWAT model.   
  
In addition to tillage and fertilizer applications, the erodibility of sediments, initial soil P 
concentration (mg P/kg soil), sediment routing method, and P soil partitioning and percolation 
were parameters that were most sensitive for TSS and TP calibration.  Because the spring of the 
calibration year (2011) was considered a ‘wet year’ with frequent and intense rain, the tillage 
and initial fertilization of crop lands occurred in May rather than in April as in the Oak Orchard 
study.  This shift in tillage and fertilization enforces the importance of these practices on the 
fluxes of sediment and P in Honeoye Creek.  The final parameters which heavily influenced the 
calibration of sediments and P are summarized in Table 4.   The resulting calibration criterion 
for sediment was 0.85 Nash-Sutcliffe, 0.87 r2, and -9.4 PBIAS (Table  5); the resulting calibration 
criterion for TP was 0.71 Nash-Sutcliffe, 0.88 r2, and -22.9 PBIAS (Table  5, Fig. 3).  The 
calibration criterion for these two parameters is considered to have a very good performance 
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rating as they are on the high end of the model evaluation guideline for SWAT created by 
Moriasi et al. (2007).    
 
Model Simulations 
After calibration was completed, the HCSWAT model was used to simulate land-use and 
management practices throughout the watershed.  Scenarios were broken down into several 
categories based on source type and management option.  These categories were as follows: 
natural forested simulation, agricultural Best Management Practices (BMPs), wastewater 
source options, and CAFO management operations.   
 
Natural Forested Simulation 
The natural background levels of P leaving the Honeoye Creek watershed were determined by 
converting all agricultural, urban, and residential land uses to mixed forest, while maintaining 
wetlands and simulating the P and sediment loss if all anthropogenic impacts were removed 
from the watershed.  All water, wetlands, and forested wetlands were not removed from the 
land-use layer, while all point and nonpoint sources were removed from the entire watershed.   
 
Wastewater Source Options 
To determine the impact of upgrading treatment or rerouting all WWTPs outside the 
watershed, all WWTPs were removed from the watershed to determine the percent reduction 
in TP and TSS.  A second simulation determined the percent reduction of TP and TSS with an 
upgrade of all the WWTPs to tertiary treatment with a chemical addition, two-stage filtration 
system.  The target concentration for effluent for this scenario was based on other New York 
State WWTPs of similar size that utilize a tertiary treatment system (USEPA 2007).  To 
determine impact of septic systems, all septics within the watershed were deactivated.   
 
Agricultural Best Management Plans (BMPs)  
To estimate the impact of BMPs on P and soil loss from agricultural lands in the Honeoye Creek 
watershed, several feasible BMPs were simulated: no till/conservation tillage, grassed 
waterways, terrace farming, contour farming, filter strips, strip cropping, retirement of 
agricultural land, and cover cropping.  Nutrient management scenarios of a 25, 50, 75, and 
100% reduction in the quantity of fertilizer spread over cropland were simulated. The BMPs 
that had the greatest percent reductions in nutrient and sediment concentration and load were 
deemed the most effective.  
 
Confined Animal Feeding Operations (CAFO) Management 
To determine the impact of the CAFO on the Honeoye Creek watershed and on the TP and TSS 
loads, the manure application from the CAFO was removed from appropriate fields to simulate 
the effect of using alternative manure practices. 
  
Stream bank Erosion Mitigation 
Stream bank stabilization and protection practices mitigate the effects of stream bank erosion 
through vegetation or structural techniques.  To simulate the stabilization of stream banks in 
the SWAT model, several routing parameters were altered by decreasing channel erodibility 
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(CH_EROD), increasing stream bank vegetation cover (CH_COV), and increasing Manning’s n 
Stream Roughness Coefficient (CH_N2) by 50%. The CH_COV parameters were already set at 
the maximum in the calibrated Honeoye Creek model. In general, our approach is consistent 
with previous work on modeling stream bank stabilization (Narasimhan et al. 2007, Tuppad et 
al.  2010).  For Honeoye Creek, stream bank stabilization BMPs were applied to the entire 
watershed.  
 
Honeoye Creek Watershed Management 
Four management scenarios were simulated to achieve water quality standards of either 65 µg 
P/L or 45 µg P/L at the outlet of the watershed.   Management Scenarios 1 through 4 include an 
upgrade of all Honeoye Creek WWTPs to tertiary treatment.  In Scenario 2 fall cover crops are 
included with the WWTP upgrade, while in Scenario 3 strip cropping and in Scenario 4 buffer 
strips and grassed waterways were added along with the upgrades of the WWTP. 
 
Phosphorus Load Allocation 
Phosphorus load allocations were generated with the Honeoye Creek SWAT model to 
determine the TP load from specific sources:  agricultural land, tile drainage, farm animals, 
stream bank erosion, wetlands, groundwater, forests, urban runoff, sewage treatment, and 
septic systems.  Agricultural land included the runoff of all P from crops excluding the 
contribution of P from CAFOs. This allocation was derived by computing the difference between 
the calibrated model run versus a scenario where all crops (crops, hay, and pasture) were 
converted to forest minus the contribution from CAFOs.  The manure produced from CAFOs 
was applied to crops in addition to the crop nutrient requirements and thus accounted for 
separately.  This allocation of P from farm animals (CAFOs) was obtained by the difference 
between the calibrated Honeoye Creek SWAT model run and a scenario where the manure 
from all CAFOs was removed.  Tile drainage or subsurface drainage from croplands was the 
difference in the calibrated model and a scenario with 6% tile drainage added (personal 
communication: Wayne Howard, Center for Environmental Information).  
 
Erosion associated with stream banks was the difference in the calibrated model and the 
stream bank stabilization scenario, where erodibility was decreased and channel cover was 
increased and Manning’s N was increased by 50%.  The P contribution from wetlands, 
groundwater, and forests was determined using direct output from the calibrated model (HRU 
output).  Urban runoff was determined from the difference in the calibrated Honeoye Creek 
SWAT model and a scenario where all residential areas were converted to forested while septic 
systems remained in the model.  By keeping septic systems in the model, the amount of P from 
urban runoff rather than the entire contribution from residential/urban areas was identified.  
Septic systems were considered a separate entity and were derived from the difference in the 
calibrated model and a scenario where the septic systems were inactive.  Lastly, the P from 
sewage treatment was the difference between the calibrated P output and a scenario where all 






Seasonal Concentration Means (Table 6, Fig. 4) 
In general, average stream concentrations of TP, TN, nitrate, and TSS were greatest in the 
winter, while the greatest SRP and total coliform levels were observed in the summer.  Soluble 
reactive phosphorus concentration was highest during the summer season (27.4 ± 3.8 µg P/L) 
and lowest during the spring (7.5 ± 1.4 µg P/L) (Table 6; Fig. 4).  Highest TP concentrations, 
however, were observed during the winter season (82.6 ± 35.5 µg P/L) followed closely by 
summer (70.2 ± 7.4 µg P/L).  Fall had the lowest TP concentrations (45.9 ± 6.4 µg P/L).  The 
yearly average concentrations of SRP and TP were 16.9 ± 2.1 µg P/L and 62.9 ± 7.8 µg P/L, 
respectively. 
 
Seasonal stream nitrate concentrations were similar, except during the winter when 
concentrations were higher during other seasons (0.46 ± 0.09 mg N/L).  As with nitrate, highest 
TN concentrations were observed during the winter months (0.89 ± 0.15 mg N/L), followed by 
summer (0.62 ± 0.05 mg N/L).  Similar concentrations of TN were recorded for the spring and 
fall months (0.47 ± 0.05 mg N/L and 0.46 ± 0.04 mg N/L, respectively).  Yearly average 
concentrations for nitrate and TN were 0.20 ± 0.03 mg N/L and 0.60 ± 0.04 mg N/L, 
respectively. 
 
As was the case with TP, TSS concentrations were highest during the winter months (46.1 ± 20.6 
mg/L) and lowest during the fall (14.6 ± 3.8 mg/L).  The yearly TSS average concentration was 
25.3 ± 4.7 mg/L.  Not surprisingly, total coliform concentrations were highest during the 
summer months (9,912 ± 2,248 CFU/100 mL).  Conversely, winter months had a much lower 
total coliform concentration (530 ± 238 CFU/100 mL).  The yearly concentration of total 
coliforms was 4,542 ± 973 CFU/100 mL. 
 
Seasonal Discharge (Figs. 5 & 6) 
Almost 84% of the discharge of water from Honeoye Creek at Honeoye Falls occurred in 
relatively equal amounts in the winter (42%) and the spring periods (42%) (Fig. 5). Daily 
discharge plotted in Figure 6 also demonstrates that the small volume of water is lost from the 
watershed in the summer and fall.  The winter and spring periods are dominated by 
precipitation and snowmelts that elevate discharge levels. 
 
Seasonal Event and Nonevent Concentration Means (Table 7, Fig. 7) 
 
In all seasons for each analyte, event concentrations were always higher than nonevent 
concentrations in creek water (Table 7, Fig. 7). The largest increase in TP and SRP 
concentrations from nonevent to event conditions occurred during the winter - 783% (20.0 ± 
0.8 to 176.5 ± 64.9 µg P/L) and 471% (5.1 ± 0.5 to 29.1 ± 10.8 µg P/L), respectively.  A similar 
scenario was observed for nitrate, TN, and TSS.  That is, concentrations of these analytes 
increased most dramatically from nonevent to event conditions (123%, 108%, and 1,578 %) 
during the winter (Table 7).  Major increases in total coliform abundance occurred during 
events in the summer (151%) and the winter (633%).   However, total coliform abundance both 
during nonevents and events was highest during the summer (7,821 ± 2,047 CFU/100 mL and 
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19,667 ± 5,100 CFU/100 mL, respectively) compared to the winter (150 ± 39 CFU/100 mL and 
1,110 ± 465 CFU/100 mL, respectively).   
 
Seasonal and Total Load (Table 8, Fig. 8) 
Except for total coliforms, the loss (loading to downstream systems) of nutrients and soil from 
the Honeoye Creek watershed was highest in the winter, decreased into the spring to summer, 
and began to increase in the fall (Table 8, Fig. 8).  For SRP, TP, nitrate, TN, and TSS, 57% (1,093 
kg), 57%, (6,548 kg), 72% (31,631 kg), 58% (59,374 kg), and 61% (3,671,353 kg) of the load to 
downstream systems occurred in the winter. Summer losses from the watershed were 
generally low (Table 8) – generally less than 6% of the total loss from the watershed (Fig. 8).  
The load of total coliform bacteria was highest during the spring months (1.0E+15 CFU), 
followed by the summer (6.2E+14 CFU) whereas lowest total coliforms load was observed 
during the fall (3.5E+14 CFU) (Table 8). 
 
Seasonal and Total Event and Nonevent Load (Table 9, Figs. 9 & 10) 
Analyte losses from the watershed or loads to downstream system were generally higher 
during events than nonevents (Table 9, Fig. 9).    This would generally be expected as load is a 
function of stream discharge and water concentration: the greater the runoff from the 
watershed, the greater the loss of materials from the watershed. The relationship between 
concentration and increasing discharge at Honeoye Creek was generally low (r2 < 0.20), while 
the relationship between discharge and nutrient and soil loading was relatively high (range of r2 
= 0.42 to 0.67), suggesting load was predominately determined by discharge (Fig. 10). 
 
Exceptions to the above were observed for TSS and total coliforms in the summer.  Total 
suspended solids loss from the watershed load was lower during events than during nonevents 
(Table 9).  Similarly for total coliforms, the highest loss from the watershed occurred during 
summer nonevents (Table 9, Fig. 9).   
 
Correlation of Analytes (Fig. 11) 
 
Total suspended solids and TP (r2 = 0.90, Fig. 11) and TN (Table 10, r2 = 0.76 ) were highly 
correlated at the USGS gauging station in Honeoye Falls.   Correlations between total coliforms 
with other analytes were poor (r2 < 0.24, Table 10). Several studies have observed that 
sediment and TP fluxes are highly correlated (Folle 2010).   
 
Chronological Account of Segment Analysis  
 
Segment Analysis: The Main Stem of Honeoye Creek and Spring Creek (Fig. 12) 
(7 September 2010) 
 
An initial segment analysis was performed on Honeoye Creek and its tributary Spring Brook on 
7 September 2010.  The purpose was to determine if any variability in stream concentrations 
existed in the watershed.  Grab water samples were taken from seven sites during nonevent 




Soluble reactive phosphorus ranged from a low of 15.8 µg P/L at Richmond Mills Road to a high 
of 1,188.5 µg P/L at Corby Road located on Spring Brook (Fig. 12).  Total phosphorus behaved 
similarly with a high concentration at Corby Road (1,603.6 µg P/L) (Fig. 12).   The Corby Road 
site is on Spring Brook and is downstream of the Town of Lima sewage treatment plant 
(WWTP), a likely source of the elevated P levels observed on this date. Spring Brook appears to 
be a source of P to Honeoye Creek as SRP was second highest at Sibley Road (77.1 µg P/L), 
which is downstream of the confluence of Spring Brook and Honeoye Creek.  The Honeoye Falls 
WWTP is also located upstream of Sibley Road on the main stem of Honeoye Creek, which may 
also contribute to the high SRP values observed.  The Honeoye stream site in the Hamlet of 
Honeoye also had high SRP and TP values with 60.2 µg P/L and 163.2 µg P/L, respectively.  
 
Nitrate was non-detectable for the Honeoye Hamlet, County Route 17, and Richmond Mills 
Road sites on Honeoye Creek.  As with SRP and TP, the highest nitrate concentration occurred 
at Corby Road on Spring Brook (9.28 mg N/L) (Fig. 12).  Total nitrogen ranged from a low of 0.38 
mg N/L at County Route 37 and Richmond Mills Road to a high of 10.28 mg N/L again at the 
Corby Road site (Fig. 12) – again below the Town of Lima STP.  The Honeoye sampling site in the 
Hamlet of Honeoye had the second highest TN concentration of 2.04 mg N/L.  Corby Road had 
high concentrations of nitrate and TN, which suggests it is a source of nitrogen for Honeoye 
Creek.   
 
Total suspended solids ranged from a low of 0.9 mg/L at Richmond Mills Road to a high of 11.6 
mg/L at the USGS Honeoye Falls site (Fig. 12).  Total coliforms ranged as low as 6,100 CFU/100 
mL at Corby Road and a high of 24,500 CFU/100 mL at County Route 37 (Fig. 12).  All sites on 
the main stem of Honeoye Creek had total coliforms of 15,000 CFU/100 mL or higher, with the 
exception of Golah, NY, and the USGS Honeoye Falls site.  This suggests that there may be a 
source of coliforms upstream of the Honeoye site and between the USGS Honeoye Falls and 
Sibley Road sites.  The increase in coliforms at Honeoye Falls and Sibley Road is interesting;  the 
Honeoye WWTP is located between these sites. 
 
Corby Road on Spring Brook had the highest levels of SRP, TP, nitrate, and TN.  This site is 
downstream of the Town of Lima WWTP.  With the exception of the site at the Hamlet of 
Honeoye, SRP and TP concentrations were similar downstream to Sibley Road.  At Sibley Road, 
which is downstream of the confluence of Spring Brook and Honeoye Creek, the levels of SRP 
and TP were elevated, suggesting that Spring Brook and the WWTP are the cause of the 
elevated P levels observed on this sampling date.  Further sampling was conducted upstream 
and downstream of the Town of Lima WWTP and the Honeoye Falls WWTP to determine if they 
are nutrient sources.   
 
Segment Analysis: The Main Stem of Honeoye Creek and Spring Creek (Fig. 13) 
(14 September 2010) 
 
Segment analysis on 7 September 2010 revealed high levels of SRP, TP, nitrate, and TN at Spring 
Brook, a tributary of Honeoye Creek, downstream of the WWTP in Lima.  On 14 September 
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2010, a segment analysis was conducted on the main stem of Honeoye Creek and on two of its 
tributaries Spring Brook and Hemlock Outlet during nonevent conditions at nine sites. 
  
Soluble reactive phosphorus ranged from a low of 11.0 µg P/L at County Route 15 at the 
Hemlock Lake Outlet to a high of 1,741.8 µg P/L at Corby Road located on Spring Brook (Fig. 13).  
Soluble reactive phosphorus was also high at Sibley Road at 130.0 µg P/L.  As with SRP, the 
lowest TP concentration was 31.1 µg P/L at County Route 15 (Hemlock Lake Outlet) and the 
highest was 1,842.4 µg P/L at Corby Road (Fig. 13).  The Sibley Road and Hamlet of Honeoye 
locations also had elevated TP concentrations with 153.3 and 151.5 µg P/L, respectively.  The 
high values observed at Corby Road for SRP and TP presumptively confirm that the Lima WWTP 
is responsible for the elevated P levels observed and contributes to the high SRP and TP values 
at the Sibley Road site, below the confluence Spring Brook and Honeoye Creek.  The Honeoye 
Falls WWTP is located upstream of the Sibley Road site and may also be contributing to the 
elevated levels of P observed.   
  
Nitrate ranged from being non-detectable at County Route 15 (Hemlock Lake Outlet) to a high 
of 9.55 mg N/L at Corby Road (Fig. 13).  Sibley Road was second highest with 0.96 mg N/L.  As 
with SRP, TP, and nitrate, TN had a low of 0.34 mg N/L at County Route 15 and a high of 13.14 
mg N/L at Corby Road (Fig. 13).  Total nitrogen was also high at the Hamlet of Honeoye and 
Sibley Road, which is located downstream of the Honeoye Falls WWTP, with concentrations of 
1.61 and 1.44 mg N/L, respectively.  As with P, the high nitrate and TN concentrations observed 
at Corby Road are likely caused by the Lima WWTP and partially explain the elevated levels of 
nitrate and TN concentrations at the Sibley Road site.  The Honeoye Falls WWTP upstream of 
Sibley Road may contribute to these high levels. 
 
Total suspended solids ranged from a low of 1.9 mg/L at Richmond Mills Road to a high of 15.3 
mg/L at  the USGS Honeoye Falls site (Fig. 13).  Total coliforms ranged from a low of 4,900 
CFU/100 mL at East River Road at Golah, NY, to a high of 20,300 CFU/100 mL at Corby Road 
near the Town of Lima, downstream of the Lima WWTP (Fig. 13). The Lima STP appears to be a 
source of  coliform bacteria.  Also, the site at the Hamlet of Honeoye had high abundances of 
total coliforms (17,400 CFU/100 mL).   
 
This is the second sampling event at the Corby Road, a site downstream of the Lima WWTP at 
Spring Brook where the highest concentrations of SRP, TP, nitrate, and TN occurred, implicating 
the WWTP as a source.  Because of the elevated levels of nutrients delivered by the WWTP to 
Spring Brook, Spring Brook is a source of nitrogen and P to Honeoye Creek.  The Sibley Road site 
below the confluence of Spring Brook and Honeoye Creek had the second highest 
concentrations for SRP, TP, and nitrate.  The Honeoye Falls STP located upstream of the site at 
Sibley Road also is a likely contributor of nutrients to Honeoye Creek.  A sampling site directly 
downstream of the Honeoye Falls WWTP was added on 21 September to determine if the 
source of contamination at Sibley Road is from Spring Brook or the Honeoye Falls STP or both.   
 
Segment Analysis: Honeoye Falls and Lima Sewage Treatment Plants (Fig. 14) 




Segment analysis of Honeoye Creek on 7 and 14 September 2010 suggested that the Lima 
WWTP, located on Spring Brook, and the Honeoye Falls WWTP, located on the main stem of 
Honeoye Creek, were contributors to the high levels of SRP, TP, nitrate, and TN observed in 
previous weeks.  Grab water samples were taken upstream and downstream of both WWTPs 
on 21 September 2010 to pinpoint the impact of these WWTPs on Spring and Honeoye Creeks. 
 
Soluble reactive phosphorus increased dramatically from 22.5 µg P/L upstream to 2,122.0 µg 
P/L downstream of the Lima WWTP (Fig. 14):  a 9,331% increase in SRP.  Similarly, SRP 
increased from 20.4 µg P/L upstream and 75.1 µg P/L downstream of the Honeoye Falls WWTP: 
a 268% increase in SRP.  Total phosphorus at the Lima WWTP increased from 38.2 µg P/L 
upstream to 2,196.0 µg P/L downstream (Fig. 14), representing a 5,649% increase.  Upstream of 
the Honeoye Falls WWTP, TP was 43.9 µg P/L and increased to 114.8 µg P/L downstream, 
representing a 161% increase.  Similar increases were observed for nitrate, TN, TSS, and total 
coliforms.  Nitrate increased 8,617% and > 1,000% from the upstream to the downstream sites 
of the Town of Lima WWTP and Honeoye Falls WWTP (Fig. 14), respectively, while total 
nitrogen increased 3,734% and 73% at the respective sites (Fig. 14).  Total coliforms increased 
dramatically downstream of the Lima WWTP.  Upstream of the Lima WWTP, total coliforms 
were 2,600 CFU/100 mL but increased to 110,000 CFU/100 mL at the downstream site (Fig. 14).  
Total coliforms also increased from 6,700 CFU/100 mL at the upstream site to 14,400 CFU/100 
mL downstream of the Honeoye Falls WWTP.  Both plants use a trickle-and-flow secondary 
treatment that does not completely remove P or nitrate nor apparently destroy coliform 
bacteria as indicated by total coliforms. Both the Lima and Honeoye WWTPs are impacting 
water quality at the Sibley Road site of Honeoye Creek. 
 
Segment Analysis: Main Stem of Honeoye Creek, Spring Brook, and Hemlock and Honeoye 
Outlets (Fig. 15) 
(28 September 2010) 
 
This segment analysis was a repeat of previous analyses to determine if the results observed 
were chronic or temporary. As before, SRP (2,946.6 µg P/L) (Fig. 15), TP (4,849.7 µg P/L), nitrate 
(21.62 mg N/L), TN (22.75 mg N/L), and TSS (44.9 mg/L) concentrations were high downstream 
of the Lima WWTP. Total coliforms doubled downstream of the Lima WWTP from 21,700 
CFU/100 mL at the upstream location to 48,000 CFU/100 mL downstream.  Clearly, the Town of 
Lima WWTP is impacting the waters of Spring Brook and the main stem of Honeoye Creek at 
Sibley Road.   The Honeoye Fall WWTP also is affecting the Sibley Road site on Honeoye Creek 
but probably not to the same level as the Lima WWTP. 
 
A sample was also taken above or upstream of the Hamlet of Honeoye WWTP.  Surprisingly, 
SRP (203.6 µg P/L) (Fig. 15), TP (513.3 µg P/L), TN (2.80 mg N/L), total coliforms (88,000 
CFU/100 mL), and TSS (15.8 mg/L) were quite high.  In fact, the total coliform levels were twice 
as high as those below the Lima WWTP.  This result was a surprise.  This site is located 
approximately one km from Honeoye Lake but is upstream of the Honeoye WWTP.  Upstream 
of this site is a wooded area and a few residential homes.  A source, probably septic in nature, 
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exits south of this location toward the lake.  On 12 October 2010, sampling sites were 
established at the outlet of Honeoye Lake and downstream and upstream of the Hamlet of 
Honeoye WWTP.  There was no evidence of any elevated nutrients or higher than background 
levels of total coliforms on this date.   This appeared to be a transient effect, probably from an 
improperly operating septic system.   
 
 Segment Analysis: Honeoye Creek Near the Hamlet of Honeoye (Fig. 16) 
(21 November 2011) 
 
The Hamlet of Honeoye was revisited during nonevent conditions to determine if the high 
nutrient and total coliforms observed upstream of the Hamlet of Honeoye on 28 September 
2010 were still present and, if possible, to determine sources.  Two tributaries of Honeoye 
Creek in this area, Mill Creek and Whitestone Creek, were also sampled to determine if these 
were possible nutrient sources.  Concentrations of all analytes at each site sampled were 
relatively low.  The mouth of Mill Creek had the lowest concentrations of SRP (0.3 µg P/L) (Fig. 
16), TP (3.5 µg P/L), nitrate (N.D.), TN (0.22 mg N/L), and TSS (<1.0 mg/L).  Whitestone Brook at 
West Lake Road did have the highest SRP (25.7 µg P/L) and the second highest TP (31.0 µg P/L).  
The Hamlet of Honeoye site upstream of the WWTP, which had high concentrations of SRP, TP, 
TN, TSS, and total coliforms on 28 September 2010, had low concentrations of all analytes 
during this visit.  Total coliforms were particularly low for each site and ranged from 0 CFU/100 
mL at East Lake Road on Mill Creek to 400 CFU/100 mL at Honeoye Lake Outlet and West Lake 
Road on Whitestone Brook.  These results suggest that Whitestone Brook and Mill Creek are 
contributing minimal amount of nutrients, sediment, and total coliforms to Honeoye Creek.   
We were not able to identify the source observed earlier in the study. 
 
Honeoye Creek: Segment Analysis: (Figs. 17 and 18):  Honeoye Falls to the Mouth of Honeoye 
Creek  
The USGS sampling site on Honeoye Creek, located in the town of Honeoye Falls (Fig. 2),  is 
located downstream of two SPDES input sites (the Honeoye Falls WWTP and the Lima WWTP) 
and is  ~10 km upstream from where Honeoye Creek enters the Genesee River.  Because of the 
distance between the two sites, the question arose as to whether the sampling site at Honeoye 
Falls was an adequate representation of the nutrients and sediment being loaded into the 
Genesee River; that is, how much is not being accounted for in the 10-km stretch of Honeoye 
Creek.   To determine if this site was an adequate representation of nutrients and sediment 
being loaded into the Genesee River, a sampling site ~2 km from the Genesee River at the 
mouth of Honeoye Creek (Golah, NY) was monitored weekly beginning on 2 November 2010 
(Fig. 2).   
 
Significant differences (two sample t-test) between the Honeoye Falls and the mouth of 
Honeoye Creek sampling sites existed (Fig. 17).  During nonevent conditions, SRP, TP, nitrate, 
and TN significantly increased at the mouth of the Honeoye Creek (Golah, NY) sampling site, 
compared to the site at Honeoye Falls.  Soluble reactive phosphorus significantly increased 
from 8.3 ± 2.2 µg P/L to 18.9 ± 4.1 µg P/L;  TP  increased from 32.9 ± 4.6 µg P/L to 46.0 ± 5.5 µg 
P/L; nitrate increased from 0.13 ± 0.04 mg N/L to 0.39 ± 0.09 mg N/L; TN  increased from 0.46 ± 
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0.05 mg N/L to 0.76 ± 0.08 mg N/L.  No significant differences in TSS or total coliforms were 
observed between sites. 
 
During hydrometeorologic events, significant increases in nitrate and TN existed (Fig. 17) from 
the Honeoye to the Golah, NY, sampling site.  However, SRP, TP, total coliforms, and TSS were 
not significantly different between sites.  On average, TSS concentrations were higher at the 
Honeoye Falls site (62.8 ± 17.0 mg/L) when compared to the mouth of Honeoye Creek (44.1 ± 
11.3 mg/L) but were not significant.  For modeling purposes, the calculated load from Honeoye 
Creek to the Genesee River will be based on estimates at Golah, NY. 
 
(21 November 2011) 
 Land use in the watershed downstream of Sibley Road to Golah, NY, is heavy in agriculture. 
Stream samples were taken on the mainstem of Honeoye Creek during nonevent conditions to 
determine possible sources.  Soluble reactive phosphorus, TP, and TN were relatively constant 
among sites (Fig. 18).  A gradual increase in nitrate was observed moving downstream, 
increasing from 0.17 mg N/L at Sibley Road and culminating at the mouth of Honeoye Creek 
(Golah, NY) with 0.34 mg N/L (Fig. 18).  There was also a small increase in TSS between Plains 
Road and the Town of Rush from 2.5 mg/L to 6.4 mg/L.  Sibley Road and West Henrietta Road 
both had high levels of total coliforms (1,700 CFU/100 mL).  This result is not surprising for 
Sibley Road as it is located downstream of the Honeoye Falls and Lima WWTP.  The increase in 
total coliforms observed from the reach downstream of the Town of Rush to West Henrietta 
Road indicates that a coliform source existed in this stream reach.  
 
Honeoye Creek Watershed Wastewater Treatment Plants (Fig. 2)  
 Honeoye Creek Lake County  
The Honeoye Lake County WWTP is a tertiary treatment plant with an average flow of 1,561 
m3/d [412,389 gallons per day (GPD)] but is allowed to discharge a maximum of 1,893 m3/d 
(500,000 GPD).  Although this is a tertiary treatment plant, significant but small increases in 
SRP, TP, nitrate, and TN were observed from upstream to downstream of the STP (Table 11).  
For example, SRP increased from 16.3 ± 0.2 µg P/L to 18.5 ± 0.3 µg P/L downstream of the STP:  
an increase of 13%.  Similarly, TP (14%), nitrate (50%), and TN (10%) increased downstream 
compared to the upstream site.  Total suspended solids and coliforms downstream did not 
differ statistically from the upstream sampling location. The increases observed were not as 
dramatic as observed in WWTPs that use only secondary treatment (see below). 
 
Effluent from the Honeoye WWTP had the lowest concentration of SRP and TP in relation to the 
other three STPs in the Honeoye Creek watershed (1,066.7 µg P/L and 1,181.1 µg P/L, 
respectively).  Nitrate and TN concentrations were the second lowest of the treatment plants in 
this watershed with 6.03 and 14.34 mg N/L, respectively.  Low TSS concentration was observed 
(1.9 mg/L), but the effluent contained high concentration of total coliforms (44,000 CFU/100 
mL).   
 
Honeoye Falls Wastewater Treatment Plant 
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The Honeoye Falls STP is a secondary treatment plant (trickle-and-flow technique in addition to 
anaerobic digesters) that can discharge a maximum of 2,271 m3/d (600,000 GPD) but on 
average discharges 1,231 m3/d (325,111 GPD).  Significant increases in concentrations of SRP, 
TP, nitrate, TN, and total coliforms downstream of the WWTP (Table 11) were observed.  For 
example, SRP increased from 8.1 ± 0.9 µg P/L upstream of the STP to 26.6 ± 0.2 µg P/L 
downstream of the WWTP: an increase of 228%; TP increased 70% (26.6 ± 1.3 µg P/L above to 
45.3 ± 0.4 µg P/L); nitrate increased from being non-detectable upstream of the plant to 0.11 
mg N/L downstream; TN increased 42%, while total coliforms increased by 988%.  Total 
suspended solids decreased significantly 139% downstream of the Honeoye Falls WWTP.   This 
WWTP delivered ~8.8 kg P/d (average as TP) to the Honeoye Creek: the largest amount of all of 
the four WWTPs in this watershed (Table 12). 
 
The increases in nutrients in stream water below this WWTP were impressive but not surprising 
since effluent received secondary treatment only.  Effluent water (pipe effluent) chemistry was 
high.  For example, SRP (3,475.6 µg P/L) and TP (7,148.4 µg P/L) in Honeoye Falls WWTP 
effluent was high (Table 11). In fact, TP was considerably higher for the Honeoye Falls WWTP 
than for all other plants in the Honeoye Creek watershed.  Similarly, concentrations of nitrate 
and TN were elevated in the WWTP pipe effluent (20.00 mg N/L and 25.41 mg N/L, 
respectively).  Of the WWTPs in the Honeoye Creek watershed, total coliforms were the highest 
at this treatment plant at 60,000 CFU/100 mL.   
 
Lima Wastewater Treatment Plant on Spring Brook 
The Lima WWTP is also a trickle-and-flow secondary treatment permitted to discharge a 
maximum of 1,136 m3/d (300,000 GPD); however, average daily flow as of 24 September 2010 
was 644 m3/d (170,000 GPD).  The effluent of the Lima STP had high concentrations of all 
analytes with the exception of TSS (Table 11).  For example, effluent concentrations of SRP and 
TP were high (3,819.1 µg P/L and 3,892.0 µg P/L, respectively) on 20 October 2011.  Similarly, 
nitrate and TN concentrations were particularly high in the effluent of this STP (29.41 mg N/L 
and 35.99 mg N/L, respectively)(Table  11).   Not surprisingly, SRP, TP, nitrate, TN, TSS, and total 
coliforms significantly increased downstream of the plant (Table 11) on 20 October 2011.  
Soluble reactive phosphorus increased downstream of the plant from 15.7 ± 0.5 µg P/L to 
4,093.1 ± 106.0 µg P/L: an increase of 25,971%.  Total phosphorus above the STP was 38.0 ± 0.7 
µg P/L and increased to 4,419.5 ± 116.2 µg P/L: an increase of 11,530%; nitrate increased by 
1,515%; TN increased by 1,243%, total suspended solids by 241%, and total coliforms by 799%.  
This WWTP delivered the second highest amount of TP (2.5 kg/d) to Honeoye Creek (Table 12). 
  
Springwater  Wastewater Treatment Plant (Honeoye Watershed)  
The Springwater STP is a secondary treatment plant which uses underground treatment cells 
(Fig. 19) and only discharges on average 102 m3/discharge (27,000 gallons per discharge) into 
Springwater Creek but is allowed a maximum of 151 m3/discharge (40,000 gallons per 
discharge).  Treatment cells, however, are too large for the amount of influent being treated, so 
additional groundwater is pumped into the cell, raising water levels into the treatment media.  
Effluent is discharged every other day.  The effluent pipe discharges into a neighboring wetland, 
but instead of effluent diffusing through the wetland, it flows through a channel approximately 
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0.4 km before entering Springwater Creek.  The effectiveness of this treatment was evaluated 
as samples were collected at different locations throughout the treatment process which 
included: influent; a treatment cell; the effluent pipe; the effluent channel, which was midway 
through the wetland; and the discharge point immediately before entering Springwater Creek 
(Fig. 20).   
 
As expected, influent had high concentrations of SRP, TP, TN, and total coliforms; however, 
nitrate concentration were low (Table 13).  Effluent from the treatment cell had similar 
concentrations of SRP, TP, and TN to that of the influent, but nitrate increased by 8,867%.  Total 
coliforms dramatically decreased by 98% after treatment.  Large decreases of SRP, TP, TN, and 
total coliforms were observed between the treatment cell and the effluent pipe.  Soluble 
reactive phosphorus decreased from 5,627.1 µg P/L to 1,952.8 µg P/L: a decrease of 65%; TP 
decreased by 53%; total coliforms decreased by 92%.  Nitrate, however, increased by 81% 
between the treatment cell and the effluent pipe.  As effluent travelled from the effluent 
discharge pipe through the wetland channel, further decreases in SRP, TP, nitrate, and TN were 
observed.  Soluble reactive phosphorus decreased by 75% midway through the wetland 
channel and another 76% once it had reached the end of the discharge channel.  Similar 
decreases were observed in TP and TN.  Nitrate decreased by 49% between the discharge pipe 
and midway through the wetland but stayed constant from this point to the end of the effluent 
channel.  Total coliforms and TSS remained relatively constant from the discharge pipe to the 
end of the effluent channel.    
 
Despite the major decreases in nutrients with this type of system, major impacts were observed 
on Springwater Creek.  Significant increases in SRP, TP, nitrate, and TN concentrations occurred 
in stream water from above to below the WWTP in Springwater Creek (Table 11).  For example, 
SRP increased from 1.9 ± 0.4 µg P/L to 90.4 ± 8.8 µg P/L, representing an increase of 4,658%, 
and TP increased significantly by 750%.  Significant increases in nitrate and TN of 305% and 
305%, respectively, were also observed.  However, no statistically significant changes in total 
coliforms and TSS were observed above and below the Springwater WWTP.       
 
Discussion          
An assessment of the Honeoye Creek watershed was undertaken to determine the nutrient and 
sediment contribution of Honeoye Creek to the Genesee River and to determine sources of 
nutrient and sediment loss geospatially within the watershed.  To accomplish this task, a 
multifaceted, integrated approach was taken by a combination of monitoring, segment analysis, 
and modeling (Soil and Water Assessment Tool).  Thus, the creek was monitored for discharge, 
water chemistry, and loss of nutrients and soil for an entire year (3 August 2010 to 23 August 
2011) at the USGS (2011) gauging station at Honeoye Falls and at Golah, NY (Fig. 2). The 
Honeoye Creek Soil and Water Assessment Tool (HCSWAT) model was created, calibrated, and 
verified for discharge, sediment, and P loss using these data.  Based on the measured loading 
data to a subbasin outlet and the SWAT model, segment analysis was performed on selected 
subwatersheds to determine sources of material loss. Together these two bodies of 
information, the total amount of nutrients, sediments, and bacteria lost from the watershed 
and the sources of these losses, served to direct watershed management.  Lastly, the HCSWAT 
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model was employed to test the effectiveness of BMPs on land use and to determine the 
minimum potential P concentration expected in a forested Honeoye Creek watershed as a 
nutrient target for TMDL development.  
Honeoye Creek Soil and Water Assessment Tool (HCSWAT) Performance 
The Honeoye Creek Soil and Water Assessment Tool was successfully calibrated at Honeoye 
Falls, NY [Honeoye Falls USGS station (Lat 42°57'26", long 77°35'21"); Fig. 2, Table 5] for flow, 
TSS, and TP for the water year August 2010 through July 2011 based on monthly observed 
discharge, TSS load, and TP load.  Model Validation for flow was for the water year of January 
2001 through December 2001.  Several calibration criteria were used including the Nash-
Sutcliffe efficiency coefficient (NSE), coefficient of correlation (r2), percent bias (PBIAS), and 
graphical comparisons to verify that the model is accurately predicting stream flow, TSS load, 
and TP load from Honeoye Creek.  The fit of the model was excellent for discharge, where a 
0.72 Nash-Sutcliffe efficiency coefficient rating (NS), a -7.8 PBIAS, and a 0.76 r2 between USGS 
and SWAT output values were achieved (Table 5, Fig. 3)(Moriasi et al., 2007).  The SWAT model 
calibrated with the 2010/2011 discharge data successfully predicted discharge in 2006 (Table 
5).  Using the Moriasi et al. (2007) criteria,  the HCSWAT model yielded a ‘very good’ 
performance for sediment with a NSE of 0.85, r2 of 0.87, and PBIAS of -9.4 (Table 5, Fig. 3) and a 
‘very good’ performance for TP  with a NSE of 0.71, r2 of 0.88, and PBIAS of -22.9 (Table 5, Fig. 
3).  The results from HCSWAT calibration and validation with high NSE and r2 values and low 
PBIAS for water balance, sediment, and P indicated that this model is accurately predicting 
stream flow and sediment and P loading at Honeoye Falls, NY.  
 
Water Quality Targets  
Nutrient enrichment from nonpoint source pollution, particularly nitrogen and P, is a primary 
cause of water quality impairment throughout the United States (USEPA 2000).  New York State 
has recognized the impact of nutrient pollution of surface waters within the state and has 
developed water quality guidance criteria to reduce these impacts and protect beneficial uses 
of lakes, streams, and reservoirs (NYSDEC 2011).  The existing New York narrative ambient 
water quality standards for P and nitrogen (6NYCRR 703.2) limit these nutrients to “none in 
amounts that will result in growths of algae, weeds and slimes that will impair the waters for 
their best usages.”  The current numerical guidance value of 20 µg P/L for P has been 
established to protect the recreational uses of Classes A through B for ponds, lakes, and 
reservoirs (NYSDEC 2011).  Smith et al. (2007) also developed a nutrient biotic index based on 
macroinvertebrate tolerance values for species found in watersheds throughout New York 
State.  Based on macroinvertebrate data, a P concentration target of 65 µg P/L was proposed 
(Smith et al. 2007), suggesting that P values above this target will likely cause impairment of a 
stream.  A target of 45 µg P/L is a representative median value between the other two targets 
in New York State: 20 µg P/L and 65 µg P/L (USEPA 2003).  Several other states have designated 
P criteria targets for streams (100 g P/L in NJ, NM, AK, ND; 50 g P/L in UT and IL) and lakes 
(50 g P/L in NJ, IL, AK; 25 g P/L in NJ, IL, AK) throughout the state whereas others designate 




Identifying appropriate nutrient target concentrations is important to water quality assessment 
and management as they represent the goal for remedial action plans for watershed 
remediation in the state.  Since a regulatory target goal has not been established in NYS, three 
proposed P concentrations (20, 45, and 65 µg P/L) were used as targets for determining a TMDL 
in this report; that is, land-use practices necessary to reach nutrient goals in the Honeoye  
Creek watershed were set at 65, 45, and 20 µg P/L.   
 
Within the Honeoye Creek watershed, the average annual SWAT-generated TP and TSS 
concentrations at Honeoye Falls were 77.7 µg P/L and 25.3 mg/L (Table 14) and were similar to 
the observed stream concentrations of 62.9 µg P/L and 25.3 mg/L (Table  6).  Converting the 
Honeoye Creek watershed back to a natural state (forest and wetland) resulted in a simulated 
average annual P and sediment concentration of 44.8 µg P/L and 9.7 mg/L (Table 14) and 
represented the absolute minimum average concentration of P and suspended sediment of 
water expected.  This result suggests that a target stream TP concentration of 65 µg P/L, often 
suggested as a goal for surface waters in New York, and even 45 µg P/L can be achieved within 
Honeoye Creek.   
Honeoye Creek in Comparison to Other Tributaries 
By determining annual sediment and nutrient loads that are normalized for watershed area, 
tributary catchments of varying watershed size may be compared, allowing a quantitative 
perspective on land use and prioritizing management within a watershed.  Field-observed total 
(MT) and areal (kg/ha) TP loading from various tributaries to Lake Ontario were obtained 
(Makarewicz et al., 2012) to compare to the observed areal loads from the USGS site at 
Honeoye Falls to other tributaries of Lake Ontario (Table 15).   Throughout the Lake Ontario 
basin, tributaries with the highest percentage of agriculture tend to have the highest areal 
loads (Table 15).  The areal TP load from Honeoye Creek (43% agriculture, 38% forest), 0.21 kg 
TP/ha/yr (Table 15), was lower than loads from other agriculturally dominated watersheds (Oak 
Orchard, Golden Hill, and Wolcott Creeks; 1.04, 0.88, and 1.37 kg TP/ha/yr, respectively) in the 
Lake Ontario basin, similar to those of other watersheds dominated by a mix of 
agriculture/forest and forest agriculture (range 0.01 to 0.23 kg P/ha/yr), and was lower than the 
P load from all other Genesee River watersheds (Table 15). 
  
Such comparisons identify the connection between land-use practices and water quality issues 
within the Lake Ontario watershed and help to prioritize different watersheds.  Because the 
areal loads of portions of Honeoye Creek are comparable to less impacted tributaries of Lake 
Ontario, the watershed and land use are of concern but may not be a high priority watershed 
for management in the Genesee River watershed.  However, some sources of impairment were 
located within the Honeoye Creek watershed by identifying losses of nutrients and sediments 
using segment analysis.  The locations of point and nonpoint sources identified via segment 
analysis (see below) were used as inputs to the HCSWAT to accurately portray sediment and 




Load Allocations using SWAT 
Knowledge of the proportion of P coming from natural and anthropogenic sources allows 
targeting of management efforts and is an integral part of the development of a TMDL.  Source 
allocation of the annual TP load of Honeoye Creek was accomplished with the HCSWAT model.   
Of the 12,762 kg TP/yr of P lost from the watershed, 31.5% was from agricultural crops (4,015 
kg TP/yr), 0% from tile drainage (<1 kg TP/yr), and 2.0% from CAFOs (256 kg TP/yr) (Table 16).  
Another large source of P was from municipal wastewater treatment, which contributed 36.0% 
(4,591 kg TP/yr) to the P lost from the Honeoye Creek watershed.  Urban runoff contributed 
only 2.0% (259 kg TP/yr), while septic systems contributed < 1.0 % of the total load to 
downstream systems (<1 kg TP/yr) (Table 16).  Goundwater (25.1%), wetlands (<0.1%), forest 
(3.4%), and streambed erosion (<0.1%) were considered natural and contributed 28.5% or 
3,641kg TP/yr of the nutrient load (Table 16).  The P load allocation analysis demonstrates that 
more than 71.5% of the TP load is due to anthropogenic sources and that managing the current 
land-use practices will likely improve the water quality of Honeoye Creek.  To identify the 
specific location of individual sources of P, subbasins of the Honeoye watershed were 
monitored and prioritized and segment analysis was employed. 
 
Sources and Sinks of Pollutants  
According to the SWAT-derived P allocation of sources in Honeoye Creek,   71.5% of the TP from 
the Honeoye Creek watershed was due to anthropogenic sources, specifically agriculture and 
municipal sewage systems.    Although the SWAT provides estimates of P loads from various 
land uses, it neither identifies the location nor quantifies the relative amount of phosphorus 
that may be attributed to a given land use, whether it be point or nonpoint sources. Segment 
analyses of various portions of the Honeoye watershed were performed on five dates in 2010 
and 2011 to identify and confirm various P sources. Segment analysis on 7 September 2010 
revealed high levels of SRP, TP, nitrate, and TN at Spring Brook, a tributary of Honeoye Creek, 
downstream of the WWTP in Lima (Fig. 12).  On 14 September a follow-up analysis 
presumptively confirmed that the Lima WWTP is responsible for the elevated P (TP and SRP) 
levels observed at the Sibley Road site, below the confluence of Spring Brook and Honeoye 
Creek.  Again on 14, 21, and 28 September 2010, major increases in nutrients and total 
coliforms were observed below the Lima and Honeoye WWTPs.  For example, SRP increased 
dramatically from 83.2 µg P/L upstream to 2,947.0 µg P/L downstream of the Lima WWTP (Fig. 
15):  a 3,442% increase in SRP.  Similarly on 21 September 2010, SRP increased from 20.4 µg P/L 
upstream to 75.1 µg P/L downstream of the Honeoye Falls WWTP: a 268 % increase in SRP (Fig. 
14). Upstream of the Lima WWTP, total coliforms were 2,600 CFU/100 mL but increased to 
110,000 CFU/100 mL at the downstream site (Fig. 14). Similarly at Lima WWTP, total coliforms 
increased from 21,700 CFU/100 mL at the upstream site to 48,000 CFU/100 mL downstream 
(Fig. 15).  Both plants use a trickle-and-flow secondary treatment that does not completely 
remove P or nitrate nor apparently destroy coliform bacteria as indicated by total coliforms. 
Both the Lima and Honeoye WWTPs are impacting water quality at the Sibley Road site of 
Honeoye Creek. 
 
A sample was also taken upstream of the Hamlet of Honeoye WWTP on 28 September 2010.  
Surprisingly, SRP (203.6 µg P/L) (Fig. 15), TP (513.3 µg P/L), TN (2.80 mg N/L), total coliforms 
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(88,000 CFU/100 mL), and TSS (15.8 mg/L) were quite high above the Honeoye WWTP.  In fact, 
the total coliform levels were twice as high as those below the Lima WWTP.  This upstream site 
is located approximately one km north of the outlet of Honeoye Lake but again upstream of the 
Honeoye WWTP.  This upstream area is forested with a few residential homes.  A source, 
probably septic in nature, exits south of this location toward the lake.  On 12 October 2010, 
sampling sites were established at the outlet of Honeoye Lake and downstream and upstream 
of the Hamlet of Honeoye WWTP.  Unlike the previous sampling time, there was no evidence of 
any elevated nutrients or higher than background levels of total coliforms on this date (Fig. 16).   
The high levels of many analytes observed on 28 September upstream of the WWTP, but 
downstream of Honeoye Creek, appeared to be a transient effect probably from an improperly 
operating septic system.  These results suggest that Whitestone Brook and Mill Creek were 
contributing minimal amounts of nutrients, sediment, and total coliforms to Honeoye Creek – 
at least on 21 November 2011.  We were not able to identify the source observed earlier in the 
study. More seasonal scrutiny of this area is required.    
 
The USGS sampling site on Honeoye Creek, located in the town of Honeoye Falls (Fig. 2),  is 
located downstream of two SPDES input sites (the Honeoye Falls WWTP and the Lima WWTP) 
and is  ~10-km upstream from where Honeoye Creek enters the Genesee River at Golah, NY.  
Because of the distance between the Golah and Honeoye sites, an area mainly in agriculture, 
the question arose as to whether any unknown nutrient and sediment sources existed within 
this 10-km stretch.   Starting on 2 November 2010, weekly water sampling revealed significant 
differences (two sample t-test) during all non-events in water quality between the Honeoye 
Falls and the mouth of Honeoye Creek (Golah, NY) sites (Fig. 17).  During nonevent conditions, 
SRP, TP, nitrate, and TN significantly increased at the mouth of Honeoye Creek (Golah, NY) 
sampling site, compared to the site at Honeoye Falls.  Soluble reactive phosphorus significantly 
increased from 8.3 ± 2.2 µg P/L to 18.9 ± 4.1 µg P/L;  TP  increased from 32.9 ± 4.6 µg P/L to 
46.0 ± 5.5 µg P/L; nitrate increased from 0.13 ± 0.04 mg N/L to 0.39 ± 0.09 mg N/L; TN  
increased from 0.46 ± 0.05 mg N/L to 0.76 ± 0.08 mg N/L.  No significant differences in TSS or 
total coliforms were observed between sites.  Further seasonal sampling suggested total 
coliforms and nitrate increased systematically from the Honeoye Falls site to the mouth of 
Honeoye Creek at Golah before the creek empties into the Genesee River (Fig. 18).  Land use in 
the watershed downstream of Sibley Road to Golah is heavy in agriculture (72 %).  
 
Management Scenarios 
After the completion of the segment analysis to identify and confirm point and nonpoint 
sources, the HCSWAT model was utilized to determine the management options to reach 
certain water quality targets proposed by the NYS Department of Environmental Conservation.  
Through this process, a total of eight critical source areas were located: four WWTPs, one CAFO 
(Walker Farm) in the upper reaches of Honeoye Creek, two areas dominated by agriculture 
(Honeoye Falls to the mouth of the Genesee River and the middle portion of the watershed), 
and one suspect area between the Honeoye Lake WWTP and the outlet of Honeoye Lake (Fig. 
21).  SWAT analysis of P loads also suggests that the subbasins below the Honeoye Falls, 
Honeoye Lake, and the Lima WWTPs and the agriculture-dominated area (~75%) in the middle 
of the watershed (~ the area from Honeoye to Honeoye Falls, NY) have elevated levels of P (Fig. 
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22).  Of the four WWTPs (Honeoye Lake, Honeoye Falls, Springwater, and Lima) that currently 
exist in the Honeoye watershed, only the Honeoye Lake WWTP is a tertiary plant (Table 11, Fig. 
2).   
 
A target stream concentration of 65 g P/L was achieved at Honeoye Falls by upgrading all 
WWTPs in the watershed to tertiary treatment plants (Table 14) “or” by removing them.   In 
tertiary treatment, a final treatment stage is added to raise the effluent quality before it is 
discharged to the environment.  This approach would reduce the annual average TP 
concentration from a current annual average of 77.7 to 53.6 µg P/L which would represent a 
31% reduction in P load to Honeoye Creek (Tables 14 and 17).   The Honeoye Lake WWTP is 
already a tertiary plant, while the other three plants provide only secondary treatment (Table 
11).  Of the three secondary treatment plants, the facilities at Honeoye Falls and Lima provide 
the highest discharge of effluent. All three secondary treatment plants significantly elevated 
concentrations of SRP, TP, nitrate, TN, and total coliforms in stream water below the effluent 
pipes (Table 11).   The Lima treatment plant, in particular, was of concern as P concentrations 
increased by as much as 100 times from the upstream to the downstream sites. By 
implementing Management Scenario 1 (upgrade WWTPs to tertiary treatment) at Honeoye 
Creek, a TP standard of 65 µg P/L is achievable (Table 14).  Such a scenario represents a 
reduction of P loading of 31% or 4,564 kg P/yr.     
The HCSWAT model also suggests the more stringent criteria of 45 µg P/L is also attainable for 
Honeoye Creek (Table 14). The management plan (Scenarios 2, 3, and 4) all tackle nonpoint 
sources of P in the agriculturally dominated areas of the watershed.  To achieve a 45-g P/L 
annual average  target concentration at Honeoye Falls, NY, three management scenarios were 
simulated: Management Scenarios 2, 3, and 4 (Table 14).  In all three scenarios, secondary 
WWTPs were upgraded to tertiary plants, but in addition cover crops were added in Scenario 2, 
strip cropping and buffer strips to Scenario 3, and grassed waterways to Scenario 4.   In all three 
of these management scenarios/simulations, average annual concentrations decreased from 
the current annual average of 77.7 g P/L to near the target of 45-g P/L (Table 14).   
A grassed waterway is a very simple management practice to reduce soil erosion and capture 
most nutrients that would normally wash out of crop fields and into major waters.  Grassed 
waterways are a natural or constructed channel lined with vegetation that provides safe water 
disposal from croplands by carrying surface water at a non-erosive velocity.  Buffer strips or 
vegetative filter strips involve the installation of a length of herbaceous vegetation between 
agricultural lands and stream channels (Tuppad et al. 2010) that also intercept and slow runoff 
and control erosion (Tuppad et al. 2010).   Strip cropping is a practice in which ordinary crops 
are in relatively narrow strips across the land slope. Strip-cropping to control soil erosion and 
nutrient loss caused by runoff derives its effectiveness mainly by reducing the runoff flowing 
through the close-growing sod strips, and by increasing the infiltration rate of the soil under 
cover condition.   
 
One large CAFO (~930 head, Walker Farm) exists in the headwaters of the Honeoye Creek 
watershed in Wayland, NY (Fig.  2). Although this operation has a major effect of P load in this 
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subwatershed (Fig. 22), the influence on the downstream location at Honeoye Falls, NY, is 
minimal as it represents only 2% (256 kg P/yr) of the P lost from the system at this location.  
However, it should be noted that a CAFO and WWTP (Springwater), albeit small in size, are 
upstream of the Hemlock Lake drinking water supply for Rochester (Figs. 21 and 22).  Since P is 
a limiting factor to growth of phytoplankton, such operations may lead to eutrophication of 
Hemlock Lake and cause taste and odor problems in the future. 
A target concentration of 20 g P/L for stream water of Honeoye Creek appears not to be 
feasible.  By completely removing all anthropogenic influences, that is by returning all land use 
to a natural state of forest and wetlands, the lowest concentration obtainable/predicted by 
HCSWAT is 44.8 g P/L (Table 14).   
Summary 
Human activities within the Honeoye Creek watershed have significant impacts on land-use and 
water-use patterns.  Approximately 71.5% of the TP load can be attributed to anthropogenic 
sources (Table 16).  In the Honeoye Creek watershed, point sources, such as wastewater 
treatments plants, and nonpoint sources, such as runoff of sediments and nutrients from 
croplands, are the major causes of nutrient and sediment loss to downstream systems, which 
often have major impacts on downstream ecosystems.  This study quantified the total loss of 
nutrients and sediments from the Honeoye Creek watershed, identified the location of point 
and nonpoint sources of nutrients and sediment (Fig. 21), and determined the most effective 
practices to manage these sources using the soil and water assessment tool.  A water quality 
target of 65 µg P/L for P in streams is obtainable by upgrading WWTPs in the Honeoye Creek 
watershed.  To achieve the 45-µg P/L standard, management practices targeting nonpoint 
sources caused by agriculture would be needed in addition to the upgrade of the WWTPs to 
tertiary cleanup.  
 
Honeoye Creek by itself is not a major contributor of P to the Genesee River.  However, the 
cumulative P load from the major tributaries (Upper Genesee, Black Creek, Oatka Creek, 
Canaseraga Creek, and the main stem of the Genesee River) to the nearshore of Lake Ontario 
represents  the second highest P load to Lake Ontario after the Niagara River (Makarewicz et al. 
2012).  Nearshore Lake Ontario in the Rochester embayment is affected by the high load of 
nutrients and sediment from its tributaries and suffers from many beneficial use impairments 
such as eutrophication, nuisance algae, beach closings, reduced aesthetics, and degradation of 
habitat for many organisms (Makarewicz 2000).  Because of these issues, it is imperative that 
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and Loading, Identification of Point and Nonpoint Sources of Pollution, Total Maximum 
Daily Load, and an Assessment of Management Practices using the Soil Water 








Table  1. General land use in the Honeoye Creek watershed. Data is compiled from the National 

















Table  2. Background information on the wastewater treatment plants in the Honeoye Creek 
watershed.  
Honeoye Lake County Wastewater Treatment Plant 
Address: P.O. Box 236, 22 Main Street, Honeoye, NY 14471 
SPDES Permit Number: NY0107255 
 Honeoye Creek is the receiving waters of the plant.  The plant uses tertiary treatment 
during wet weather flow.  Maximum flow of the facility is 500,000 GPD,k but average daily flow 
is 412,389 GPD.  The plant analyzes for temperature, BOD, pH, TSS, and ammonia.  There is no 
limit for phosphorus.  
Honeoye Falls STP 
Address: 100 Ulrich Lane, Honeoye Falls, NY 14472 
Contact: Greg Emerson          Telephone: 585-624-3620                        Cell Phone: 585-303-7135 
SPDES Permit Number: NY0025259 
 Receiving waters of the plant is Honeoye Creek.  The plant uses a secondary trickle and 
filter technique in conjunction with anaerobic digesters.  The facility is allotted a flow of 
600,000 GPD, but average daily flow is approximately 325,111 GPD.  The plant analyzes effluent 
for temperature, BOD, pH, and TSS.  There is no limit for phosphorus.  
Lima STP 
Address: 7405 Ziegler Drive, Lima, NY 14485                                         Telephone: 585-582-1780 
SPDES Permit Number:  NY0022420 
 The Lima wastewater treatment plant was constructed in 1968 and was upgraded in 
1987, 1994, and 2002.  The receiving water for the plant is Spring Brook, a tributary of Honeoye 
Creek.  The facility uses secondary treatment by means of a conventional trickle and filter.  Flow 
capacity is 300,000 GPD and is the maximum amount allowed by the Village’s SPDES permit. 
Average daily flow up until 24 September 2010 has been 170,000 GPD.  The STP analyzes 
influent and effluent for pH, BOD, TSS, ammonia, and DO.  There is no limit for phosphorus 
discharge and this is not analyzed by the plant. 
Springwater Wastewater Treatment Facility 
Address: 8022 South Main Street, Springwater, NY 14560 
Contact: Lynn Holmes                 Telephone: 585-669-2113               Cell Phone: 585-519-1823 
SPDES Permit Number: NY0246450 
 Springwater WWTF discharges effluent every other day into Springwater Creek.  
Maximum discharge for the plant is 151 m3/discharge (40,000 gallons per discharge) but on 
average discharges approximately 102 m3/discharge (27,000 gallons per discharge).  The facility 
is two years old as of 2011 and uses secondary treatment using underground holding cells that 
contain media for bacteria growth.  The treatment cells are too large for the amount of influent 
so ground water is often added to ensure treatment by the cell media.  Effluent travels through 
a channel in a wetland approximately 0.4 km before entering Springwater Creek.  The SPDES 
permit does not specify the maximum flow rate allowed by the facility.  Effluent is analyzed for 
water temperature, BOD, pH, TSS, ammonia, and coliforms.  Phosphorus is not analyzed by the 




Table 3.  Water added to subbasins 3, 5, 6, 7, and 8 as a negative water use (that is, water 
added to the watershed) in the SWAT model to account for groundwater flow from the karst 
region of the Onondaga Escarpment (see Figure 2 for location). 
 
 
Month Discharge (m3*104) 





Table  4.  Final parameter values for calibration of water balance, total suspended solids, and 
total phosphorus in the Honeoye Creek SWAT model.  
A. Water Balance 
Parameter Description Value 
CN2 SCS Curve Number -23% 
SFTMP/SMTMP Snow Fall Temperature 1/0.5 
PET Potential Evapotranspiration Method Hargreaves 
ESCO Soil Evaporation Compensation Factor 0.28 
EPCO Plant Evaporation Compensation Factor 0.9 
CN_Froz Curve Number Adjusted for Frozen Soil Inactive 
SURLAG Surface Runoff Lag Factor 4 
GW_Delay Groundwater Delay Time (days) 45 
ALPHA_BF Baseflow Alpha Factor (days) 0.99 
GW_REVAP Groundwater 'revap' Coefficient 0.2 
GW_SPYLD Specific Yield of Shallow Aquifer 0.03 
B. Total Suspended Solids 
Parameter Description Value 
CH_N2 Mannings 'n' Value for the Main Channel 0.155 
CH_K2 Effective Hydraulic Conductivity in Main Channel 15 
CH_COV1 Channel Erodability Factor 0 
CH_COV2 Channel Cover Factor 0 
ALPHA_BNK Baseflow Alpha Factor for Bank Storage 0 
CH_EQN Sediment Routing Method 2 
USLE_P USLE Eqn. Cropping Practices Factor 1 
ADJ_PKR Peak Rate Adjustment Factor for Sediment in Tributary Channels 0 
PRF Peak Rate Adjustment Factor for Sediment in the Main Channel 1.6 
SPCON Factor for Maximum Amount of Sediment to be Reentrained  0.0001 
SPEXP Exponent Parameter for Calculating Sediment Reentrained 1 
C. Total Phosphorus 
Parameter Description Value 
P_UPDIS Phosphorus Uptake Distribution Parameter 20 
PPERCO Phosphorus Percolation Coefficient 10 
PHOS_KD Phosphorus Soil Partitioning Coefficient 175 
PSP Phosphorus Availability Index 0.6 
RSDCO Residue Decomposition Coefficient 0.05 
BC4 Rate Constant for Mineralization of Organic P to Dissolved P 0.35 
RS2 Benthic Sediment Source Rate for Dissolved P 0.05 
RS5 Organic P Settling Rate in the Reach 0.05 
RSDIN Initial Residue Cover 0 
ERORGP Phosphorus Enrichment Ratio for Loading with Sediment 0.12 
BIOMIX Biological Mixing 0.2 
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Table 5.  Honeoye Creek Soil and Water Assessment Tool Calibration and validation Criteria. 
Nash-Sutcliffe efficiency (NSE), correlation coefficient (r2), and percent bias (PBIAS) for 
observed versus modeled values for flow calibration (August 2010 to July 2011), flow 
verification (January to December 2006), total suspended solids (TSS) (August 2010 to July 










Table  6. Seasonal and overall average (± S.E.) of nutrients, sediment, and total 
coliforms for the USGS gauging site at Honeoye Falls on Honeoye Creek.  Weekly 
samples were collected from 3 August 2010 through 23 August 2011.  TP=Total 

















Spring 7.5 ± 1.4 53.4 ± 7.8 0.11 ± 0.03 0.47 ± 0.05 25.4 ± 6.0 1,892 ± 578 
Summer 27.4 ± 3.8 70.2 ± 7.4 0.16 ± 0.04 0.62 ± 0.05 20.9 ± 4.1 9,912 ± 2,248 
Fall 13.0 ± 2.2 45.9 ± 6.4 0.12 ± 0.04 0.46 ± 0.04 14.6 ± 3.8  3,150 ± 1,372 
Winter 14.7 ± 5.7 82.6 ± 35.5 0.46 ± 0.09 0.89 ± 0.15 46.1 ± 20.6 530 ± 238 







Type NSE r2 PBIAS 
Flow Verification  0.83 0.86 -8.8 
Flow Calibration 0.72 0.76 - 7.8 
TSS 0.85 0.87 -9.4 




Table 7. Seasonal and overall event and nonevent average (± S.E.) concentrations of nutrients, sediment, and total coliforms for the USGS 
gauging site at Honeoye Falls on Honeoye Creek.  Weekly samples were collected from 3 August 2010 through 23 August 2011.   TP=Total 
Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids. 
 
 
Table  8. Seasonal (kg or CFU) and total loading (kg/yr or CFU/yr) and areal (kg/ha/yr) loading of nutrients, sediment, and total 
coliforms for the USGS gauging site at Honeoye Falls on Honeoye Creek.  Weekly samples were collected from 3 August 2010 
through 23 August 2011.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids. 
 
 SRP (µg P/L) TP (µg P/L) Nitrate (mg N/L) TN (mg N/L) TSS (mg/L) 
Total Coliform  
(CFU/100 mL) 
 Nonevent Event Nonevent Event Nonevent Event Nonevent Event Nonevent Event Nonevent Event 
Spring 6.3 ± 2.0 9.4 ± 1.4 38.1 ± 4.9 77.9 ± 12.9 0.06 ± 0.02 0.19 ± 0.04 0.38 ± 0.04 0.63 ± 0.07 13.0 ± 3.4 45.1 ± 9.3 713 ± 271 3,780 ± 956 
Summer 24.1 ± 2.7 43.7 ± 13.7 62.2 ± 6.8 109.8 ± 9.5 0.11 ± 0.03 0.40 ± 0.05 0.57 ± 0.04 0.88 ± 0.08 15.8 ± 3.3 46.1 ± 6.0 7,821 ± 2,047 
19,667 ± 
5,100 
Fall 10.0 ± 2.1 21.8 ± 2.2 35.9 ± 4.8 75.9 ± 6.6 0.09 ± 0.04 0.22 ± 0.10 0.39 ± 0.03 0.64 ± 0.08 7.8 ± 1.4 35.1 ± 5.3 2,667 ± 1,755 4,600 ± 1,195 
Winter 5.1 ± 0.5 29.1 ± 10.8 20.0 ± 0.8 176.5 ± 64.9 0.31 ± 0.02 0.69 ± 0.15 0.62 ± 0.04 1.29 ± 0.27 6.3 ± 3.3 
105.7 ± 
33.7 
150 ± 39 1,100 ± 465 
Average 14.0 ± 1.9 24.0 ± 5.3 44.3 ± 4.0 110.2 ± 21.7 0.13 ± 0.02 0.37 ± 0.07 0.49 ± 0.03 0.86 ± 0.11 11.8 ± 1.8 59.4 ± 12.5 3,786 ± 1,057 6,407 ± 2,136 
 
Sum of Discharge 
(m3) 
SRP TP Nitrate TN TSS Total Coliforms 
Spring 62,639,559 470 3,586 7,688 30,575 1,855,297 1.0E+15 
Summer 5,202,867 112 373 1,047 3,445 132,250 6.2E+14 
Fall 17,769,745 230 1,029 3,686 8,937 391,386 3.5E+14 
Winter 62,647,368 1,093 6,548 31,631 59,374 3,671,353 4.0E+14 
Total (kg/yr) 148,259,539 1,905 11,537 44,052 102,332 6,050,286 2.4E+15 




Table  9. Seasonal (kg or CFU) and total event and nonevent loading (kg/yr or CFU/yr) of nutrients, sediment, and total coliforms for the 
USGS gauging site at Honeoye Falls on Honeoye Creek.  Weekly samples were collected from 3 August 2010 through 23 August  
2011.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids. 
 
 
Table  10. Correlation matrix of analyte concentration for the USGS Honeoye Falls gauging site on Honeoye Creek.  Weekly samples 
were collected from 3 August 2010 through 23 August 2011.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total 

















TP  - 0.56 0.90 0.42 0.76 0.08 
Nitrate  0.56 - 0.61 0.21 0.81 0.02 
TSS  0.90 0.61 - 0.23 0.74 0.03 
SRP  0.42 0.21 0.23 - 0.31 0.24 
TN  0.76 0.81 0.74 0.31 - 0.05 
TC 
 
0.08 0.02 0.03 0.24 0.05 - 
  SRP TP Nitrate TN TSS Total Coliforms 
  Nonevent Event Nonevent Event Nonevent Event Nonevent Event Nonevent Event Nonevent Event 
Spring 198 272 1,176 2,411 2,203 5,485 12,295 18,280 436,122 1,419,175 1.9E+14 8.5E+14 
Summer 92 20 297 76 763 284 2,758 687 93,536 38,714 4.2E+14 2.0E+14 
Fall 72 158 300 729 1,584 2,102 3,755 5,182 82,710 308,676 5.9E+13 2.9E+14 
Winter 164 928 705 5,843 10,450 21,181 19,870 39,504 225,939 3,445,414 7.0E+13 3.3E+14 
Total 549 1,356 2,579 8,957 14,123 29,930 35,471 66,860 1,028,221 5,022,066 7.3E+14 1.7E+15 
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Table 11.  Influence of wastewater treatment plants and municipal leach fields in the Honeoye Creek watershed on Honeoye Creek.  
Water samples were taken “above” and “below” the STP effluent discharge pipe.  Total coliforms were Ln transformed before 
statistical analysis. ND=non-detectable.  Data (i.e., gallons per day) was collected using SPDES permit information available from the 
USEPA Envirofacts (USEPA 2011).  Values are Average (± S.E.) concentration of nutrients. TP=Total Phosphorus, SRP=Soluble Reactive 
Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids, TC=Total coliforms.  Bold indicates statistical significance (Mann-Whitney U-






































16.3 ± 0.2 
(45.5) 
28.5 ± 0.2 
 
0.06 ± 0.00 
 
0.50 ± 0.01 
 
0.8 ± 0.2 
 


















18.5 ± 0.3 
(353) 
32.5 ± 0.9 
 
0.09 ± 0.00 
 
0.55 ± 0.01 
 
2.5 ± 0.5 
 
1,320 ± 263 
 














8.1 ± 0.9 
(62.4) 
26.6 ± 1.3 
ND 
 
0.31 ± 0.00 
 
5.5 ± 0.6 
 


















26.6 ± 0.2 
(464.9) 
45.3 ± 0.4 
 
0.11 ± 0.00 
 
0.44 ± 0.01 
 
2.3 ± 0.2 
 
2,175 ± 226 
 











1.9 ± 0.4 
(6.7) 
13.9 ± 0.8 
 
0.41 ± 0.00 
 
0.55 ± 0.02 
 
6.6 ± 0.6 
 


















90.4 ± 8.8 
(1,605) 
118.2 ±  
10.7 
1.66 ± 0.04 
 
2.23 ± 0.09 
 
5.9 ± 0.8 
 
8,280 ± 1,535 
 












15.7 ± 0.5 38.0 ± 0.7 1.32 ± 0.00 1.85 ± 0.01 3.2 ± 0.3 5,920 ± 182 







21.32 ± 0.64 24.84 ± 0.76 10.9 ± 0.4 53,200 ± 1,929 




Table  12. Maximum and average daily loadings and discharge from the wastewater treatment plants in the Honeoye Creek 















Table  13.  Influent nutrient and total suspended solid concentrations at various process locations in the Springwater WWTP. 










(m3/day) SRP (kg/d) TP (kg/d) Nitrate (kg/d) TN (kg/d) TSS (kg/d) TC (CFU/d) 
      Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. 
Honeoye 
(8/30/2011) 




2,271 1,231 7.9 4.3 16.2 8.8 45.4 24.6 57.7 31.3 11.8 6.4 1.4E+12 7.4E+11 
Springwater 
(10/19/2011) 
151 102 0.3 0.2 0.5 0.3 0.7 0.5 2.0 1.3 1.7 1.2 1.8.E+09 1.2E+09 
Lima 
(10/20/2011) 












 (CFU/100 ml) 
Influent 5,670.3 6,809.7 0.03 33.54 6.5 1,000,000 
Treatment Cell 5,627.1 7,158.5 2.69 28.04 5.7 16,700 
Effluent Pipe 1,952.8 3,349.4 4.86 12.90 11.5 1,200 
Effluent Channel 
(Mid-Wetland) 
480.5 659.7 2.46 4.64 4.8 7,600 
Effluent Channel 
Discharge 




Table  14.  SWAT-generated annual average concentration of total phosphorus (TP) and total 
suspended solids (TSS) at Honeoye Creek under six scenarios:  current land-use patterns (June 
2010 through May 2011), forested/wetland (natural), and management scenarios #1 (WWTP 
upgraded to tertiary), #2 (WWTP upgraded to tertiary + cover crops), #3 (WWTP upgraded to 
tertiary + strip cropping + buffer strips) and #4 (WWTP upgraded to tertiary + grassed 
waterways) to achieve water quality targets of 65 µg P/L and 45 µg P/L.  
  
 




Current Land use  77.7 25.3 
Forested/Wetland 44.8 9.7 
Management Scenario #1    
Target 65 µg P/L 53.6 25.3 
Management Scenario #2 
Target 45 µg P/L  40.8 9.0 
Management Scenario #3 
Target 45 µg P/L 46.0 2.5 
Management Scenario #4 
Target 45 µg P/L 33.7 6.2 
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Table  15.  Annual and areal tributary total phosphorus (TP) loading to Lake Ontario from New 
York watersheds of differing dominant land uses.  Loading data collected from Makarewicz et 
al. (2012).   Adapted from Makarewicz et al. (2012), Pettenski et al. (2013), Winslow et al. 





Tributary Dominant Landuse 
TP Load 
(Mton/yr) Area (ha) 
Areal Load 
(kg/ha/yr) 
Oak Orchard Agriculture 38.29 36,989 1.04 
Golden Hill Creek Agriculture 5.28 5,973 0.88 
Wolcott Creek Agriculture 6.04 4,416 1.37 
Johnson Creek Agriculture/Suburban 13.87 25,530 0.54 
Salmon River Agriculture/Forested 14.0 61,642 0.23 
Irondequoit Creek Sewage Treatment 23.0 43,771 0.53 
Northrup Creek Urban 4.50 1,863 2.42 
Buttonwood Creek Suburban 1.31 2,308 0.57 
Larkin Creek Suburban 0.80 3,132 0.26 
First Creek Forested 0.08 800 0.10 
Clark Creek Forested 0.03 155 0.21 
Bobolink Creek Forested 0.00 278 0.01 
Black Creek Watershed     
       Bigelow Creek Agriculture (82%) 2.93 2,616 1.12 
       Upper Black Creek Agriculture (82%) 6.93 11,784 0.59 
       Spring Creek Agriculture (96%) 4.32 5,542 0.78 
       Middle Black Creek Agriculture (76%) 13.8 22,262 0.30 
       Lower Black Creek Agriculture (63%) 16.5 15,021 0.18 
Honeoye Creek Agriculture (43%)/Forest (39%) 
 
14.7 69,478 0.21 
Upper Genesee River Agriculture (37%)/Forest (57%) 230.0 254,842 0.90 
Canaseraga Creek Agricul (49.8%)/Forest (44.4%) 58.9 89,240 0.66 
Oatka Creek Agricul (69.5%)/Forest (20.4%) 15.0 55,590 0.58 
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Table 16.  Total phosphorus load allocation by land use or activity for the mouth of Honeoye 
Creek watershed as derived from SWAT predictions for the period 1 June 2010 to 31 May 2011.  






Load  (%) 
Method of 
Determination 
Agricultural Crops 4,015 31.5 Subtraction 
Tile Drainage < 1 0.0 Subtraction 
Farm Animals (CAFO only) 256 2.0 Subtraction 
Stream bank Erosion < 1 0.0 Subtraction 
Wetlands < 1 0.0 HRU Table  
Groundwater 3,208 25.1 HRU Table  
Forest 433 3.4 HRU Table  
Urban Runoff 259 2.0 Subtraction 
Wastewater Treatment 4,591 36.0 Subtraction 
Septic Systems < 1 0.0 Subtraction 
  
 
    
Sum of Allocated Loads 12,762     
Total Predicted Load (from SWAT) 14,706     
Allocation Error 1,944 




Table  17.  Effectiveness of various Best Management Practices (BMPs) in reducing the total 
annual total phosphorus (TP) and total suspended solids (TSS) load at the mouth of Honeoye 
Creek determined by the Honeoye Creek SWAT model.  Values in parentheses are kg/yr. 
management scenarios #1 (WWTP upgraded to tertiary), #2 (WWTP upgraded to tertiary + 
cover crops), #3 (WWTP upgraded to tertiary + strip cropping + buffer strips) and #4 (WWTP 
upgraded to tertiary + grassed waterways) to achieve water quality targets of 65 µg P/L and 45 
µg P/L.  
 
Category Subcategory BMP 
Percent Effectiveness of BMP 
(% load reduction) 
      TP  (kg P/yr) TSS 
Forest Forest Natural Watershed 60       (8,861) 73 
Agriculture Cropland Buffer Strips 10       (1,425) 89 
    Conservation Tillage -3         (-410) 38 
    Grassed Waterways 26       (3,840) 75 
    Contouring 6           (918) 31 
    Terracing 13      (1,974) 56 
    Strip Cropping 4            (639) 25 
    Retire Ag. Land to Forest 42       (6,121) 70 
    Cover Crops (Rye) 17      (2,517) 65 
    Nutrient Management 25% 0              (49) 0 
    Nutrient Management 50% 1              (88) 0 
    Nutrient Management 75% 1            (171) 0 
    Nutrient Management 100% 2             (221) 0 
  Farm Animals Alternative Manure Operations 2             (256)          -6 
Wastewater WWTP Remove  WWTPs 31         (4,591) 0 
    Upgrade  WWTPs -Tertiary 31         (4,564) 0 
  SPDES Remove all Point Sources NA NA 
  Septic  Remove all septic systems 0              (-44) 0 
Stream 
banks Stabilization Basin wide stabilization -4            (-559) -303 
      
    Watershed Management Scenario 1 31         (4,564) 0 
  
Management Scenario 2 48          (7,024) 65 
  
Management Scenario 3 41          (5,981) 90 






Figure 1. The Genesee River watershed showing the six subbasins defined for the current study:   
Lower/Middle Main Stem Genesee River (includes Conesus Creek), the Upper Genesee River, 




Figure 2. The Honeoye Creek watershed, NY. WWTP=wastewater treatment plant.  Numbers 




Figure 3. Observed (USGS) monthly discharge, total suspended solids (TSS, metric tonnes) loads 
and total phosphorus (TP) loads versus simulated data (SWAT model output) for the calibration 













































































































































































































Figure 4. Seasonal and average concentration (± S.E.) of nutrients, sediment, and total coliforms 
of the USGS gauging station at Honeoye Falls on Honeoye Creek.  Weekly samples were 
collected from 3 August 2010 through 23 August 2011.  TP=Total Phosphorus, SRP=Soluble 








Figure 5. Seasonal (m3/season) and total discharge (m3/yr) for the USGS gauging station at 












Figure 6. Honeoye Creek daily discharge at the USGS Gauging Station at Honeoye Falls (USGS 





Figure 7. Seasonal and average event and nonevent concentration (± S.E.) of nutrients, 
sediment, and total coliforms of the USGS gauging station at Honeoye Falls on Honeoye Creek.  
Weekly samples were collected from 3 August 2010 through 23 August 2011.  TP=Total 










Figure 8. Seasonal (kg or CFU) and total load (kg/yr or CFU/yr) of nutrients, sediment, and total 
coliforms (CFU) of Honeoye Falls.  Weekly samples were collected from 3 August 2010 through 
23 August 2011.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, 











Figure 9. Seasonal (kg or CFU) and total load (kg/yr or CFU/yr) of nutrients, sediment, and total 
coliforms (CFU) of Honeoye Falls.  Weekly samples were collected from 3 August 2010 through 
23 August 2011.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, 
TSS=Total Suspended Solids. 










Figure 10. Discharge versus load of analytes for the USGS Honeoye Falls site on Honeoye Creek. 
TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total 













Figure 11. Correlation between  total suspended solids (TSS) and total phosphorus (TP) for the 




























Figure 12.Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate,  total nitrogen (TN), total suspended solids (TSS), and total coliforms  




































Figure 13. Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate,  total nitrogen (TN), total suspended solids (TSS), and total coliforms  





















Figure 14. Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate,  total nitrogen (TN), total suspended solids (TSS), and total coliforms  



















Figure 15. Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate,  total nitrogen (TN), total suspended solids (TSS), and total coliforms  



























Figure 16. Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate,  total nitrogen (TN), total suspended solids (TSS), and total coliforms  





Figure 17.  Nonevent and event average nutrient and sediment concentrations of the Honeoye 
Falls and mouth of Honeoye Creek (Golah, NY) sampling sites on Honeoye Creek (Fig. 2).  Weekly 
sampling began on 2 November 2010.  Different letters indicate statistical significance (p < 0.05).  
Error bars = standard error. TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total 
































Figure 18. Soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate, total nitrogen (TN), total suspended solids, and total coliforms from 


































Figure 20.  The effluent stream of the Springwater Wastewater Treatment Plant (left 
corner) entering Springwater Creek (center). 
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Fig. 21. Summary map of observed critical source areas within the Honeoye Creek watershed. 
Subbasins defined by SWAT.  TP= Total Phosphorus, SRP= Soluble Reactive Phosphorus, TN= 
Total Nitrogen, TSS=Total Suspended Solids, and TC=Total Coliform bacteria. WWTP=Waste 





Fig.  22.  Annual subbasin total phosphorus (TP) loads  in the Honeoye Creek watershed derived 
from the Honeoye Creek SWAT model.   CAFO= Concentrated Animal Feeding Operation.  
WWTP=Wastewater Treatment Plant.    
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Appendix 1. Extended Table  of SWAT calibration parameters by input Table .  The parameter 
name, description of parameter, and value entered into the Honeoye Creek model are given.  
 
 
Honeoye Creek SWAT Calibration Parameters by Input Table  
Soils (.sol) 
Parameter Description Value 
CN2 SCS Curve Number -23% 
All other  
Parameters Soil Type Specific Parameters Default 
SOL_AWC Soil Anticedent Water Content Default 
Subbasin (.sub) 
Parameter Description Value 
All Parameters Subbasin Specific Parameters Default 
HRU (.hru) 
Parameter Description Value 
RSDIN Initial Residue Cover 0 
ERORGN Nitrogen Enrichment Ratio for Loading with Sediment 0 
ERORGP Phosphorus Enrichment Ratio for Loading with Sediment 0.12 
POT_FR Fraction of HRU Area that Drains Into Pothole 0 
FLD_FR Fraction of HRU Area that Drains into Floodplain 0 
EVPOT Pothole Evaporation Coefficient 0.5 
DIS_Stream (m) Average Distance to the Stream 0 
All Other HRU Specific Parameters Default 
Groundwater (.gw) 
Parameter Description Value 
SHALLST Initial Depth of Water in the Shallow Aquifer 0.5 
DEEPST Initial Depth of Water in the Deep Aquifer 1000 
GW_Delay Groundwater Delay Time (days) 45 
ALPHA_BF Baseflow Alpha Factor (days) 0.99 
GWQMIN Threshold Depth of Water in Shallow Aquifer Required for Return Flow 1 
GW_REVAP Groundwater 'revap' Coefficient 0.2 
REVAPMN Threshold Depth of Water in Shallow Aquifer Required for Percolation 0.5 
RCHRG_DP Deep Aquifer  Percolation Fraction 0 
GWHT Initial Groundwater Height 1 
GW_SPYLD Specific Yield of Shallow Aquifer 0.03 
SHALLST_N Initial Concentration of Nitrate in Shallow Aquifer 0 
GWSOLP Soluble Phosphorus in Groundwater 0.025 
HLIFE_NGW Halflife of Nitrogen in Water 0 
LAT_ORGN Organic Nitrogen in Lateral Flow 0 




Appendix 1. (Continued) 
Parameter Description Value 
CH_N2 Mannings 'n' Value for the Main Channel 0.155 
CH_K2 Effective Hydraulic Conductivity in Main Channel 15 
CH_COV1 Channel Erodibility Factor 0 
CH_COV2 Channel Cover Factor 0 
ALPHA_BNK Baseflow Alpha Factor for Bank Storage 0 
CH_BNK_BD Bulk Density of Channel Bank Sediment 0 
CH_BED_BD Bulk Density of Channel Bed Sediment 0 
CH_BNK_KD Erodability of Channel Bank Sediment by Jet Test 0 
CH_BED_KD Erodability of Channel Bed Sediment by Jet Test 0 
CH_BNK_D50 D50 Median Particle Size of Channel Bank Sediment 0 
CH_BED_D50 D50 Median Particle Size of Channel Bed Sediment 0 
CH_BNK_TC Critical Stress Range for Bank Erosion 0 
CH_BED_TC Critical Stress Range for Bed Erosion 0 
CH_EQN Sediment Routing Method 2 
All Other Other Sediment Parameters Default 
Management (.mgt) 
Parameter Description Value 
BIOMIX Biological Mixing 0.20 
CN2 Curve Number Factor 63.91 
USLE_P USLE Eqn. Cropping Practices Factor 1.00 
BIO_MIN Minimum Plant Biomass for Grazing 0 
FILTERW Width of Edge-of-field Filter Strip 0 
All Other Management Specific Parameters Default 
Soil Chemical (chm.) 
Parameter Description Value 
SOL_NO3 Nitrate in Soil Layer 0 
SOL_ORGN Organic Nitrogen in Soil Layer 0 
SOL_LABP Labile Phosphorus in Soil Layer 0 
SOL_ORGP Organic Phosphorus in Soil Layer 0 
PPERCO_SUB Phosphorus Percolation Coefficient in Soil Layer 10 
Pond/Wetland (pnd.) 
Parameter Description Value 
All Pond/Wetland Specific Parameters Default 
Stream Water Quality (swq.) 
Parameter Description Value 
RS1 Local Algal Settling Rate in the Reach at 20C 1 
RS2 Benthic Sediment Source Rate for Dissolved P 0.05 
RS3 Benthic Source Rate for NH4-N in the Reach at 20C 0.5 
RS4 Rate Coefficient for Organic N Settling in the Reach at 20C 0.05 
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Appendix 1. (Continued) 
RS5 Organic P Settling Rate in the Reach 0.05 
RS6 Rate Coefficient for Settling of Arbitrary Non-conservative Constituent in the Reach at 20C 2.5 
RS7 Benthic Source Rate for Arbitrary Non-conservative Constituent in the Reach at 20C 2.5 
RK1 Carbonaceous Biological Oxygen Demand Deoxygenation Rate Coefficient in the Reach at 20C 1.71 
RK2 Oxygen Rearation Rate in Accordance with Fician Diffusion in the Reach at 20C 50 
RK3 Rate of Loss of Carbonaceous Biological Oxygen Demand Due to Settling in the Reach at 20C 0.36 
RK4 Benthic Oxygen Demand Rate in the Reach at 20C 2 
RK5 Coliform Die-off Rate in the Reach at 20C 2 
RK6 Decay Rate for Arbitrary Non-conservative Constituent in the Reach at 20C 1.71 
BC1 Rate Constant for Biological Oxidation of NH4 to NO2 in the Reach at 20C in Well-aerated Conditions 0.55 
BC2 Rate Constant for Biological Oxidation of NO2 to NO3 in the Reach at 20C in Well-aerated Conditions 1.1 
BC3 Rate Constant for Hydrolysis of Organic N to NH4 in the Reach at 20C 0.21 
BC4 Rate Constant for Mineralization of Organic P to Dissolved P 0.35 
Basin (.bsn) 
Parameter Description Value 
SFTMP/SMTMP Snow Fall Temperature 1 / 0.5 
SMFMX Snow Melt Factor Rate Maximum 4 
SMFMN Snow Melt Factor Rate Minimum 4 
TIMP Snow Pack Temperature Lag Factor 1.0 
SNOCOVMX Minimum Snow Water Content of 100% Snow Cover 1 
SNO50COV Fraction of Snow Volume That Corresponds To 50% Snow Cover .5 
PET Potential Evapotranspiration Method Hargreaves 
ESCO Soil Evaporation Compensation Factor 0.28 
EPCO Plant Evaporation Compensation Factor 0.9 
EVLAI Leaf Area Index at Which No Evaporation Occurs from Water Surface 3 
FFCB Initial Soil Water Storage Expressed as a Fraction of Field Capacity Water Content 0 
DEPIMP_BSN Depth to Impervious Layer 0 
CNCOEFF Plant ET Curve Number Coefficient 1 
CN_Froz Curve Number Adjusted for Frozen Soil Inactive 
Crack Flow Curve Number for Frozen Soils Inactive 
SURLAG Surface Runoff Lag Factor 4 
ADJ_PKR Peak Rate Adjustment Factor for Sediment in Tributary Channels 0 
TB_ADJ Adjustment Variable for Hydrograph Basetime 0 
PRF Peak Rate Adjustment Factor for Sediment in the Main Channel 1.6 
SPCON Factor for Maximum Amount of Sediment to be Reentrained  0.0001 
SPEXP Exponent Parameter for Calculating Sediment Reentrained 1 
MSK_COV1 Calibration Coefficient to Control Impact of Storage Time Constant for Base Flow 0 
MSK_CO2 Calibration Coefficient to Control Impact of Storage Time Constant for Low Flow 3.5 
MSK_X Weighing Factor Controls Importance of Inflow and Outflow for Reach Storage 0.2 
Channel 
Degradation Degradation of the Main Channel Sediment Inactive 
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Appendix 1. (Continued) 
TRNSRCH Fraction of Transmission Losses from Main Channel that Enter Deep Aquifer 0 
EVRCH Reach Evaporation Adjustment Factor 1 
EROS_SPL The splash erosion coefficient. 1 
RILL_MULT Multiplier to USLE_K for soil susceptible to rill erosion 0.7 
EROS_EXPO Exponent coefficient for the overland flow erosion equation 1.2 
SUBDCHSED Sub-Daily Channel Sediment Erosion Factor 0 
C_FACTOR Universal Soil Loss Equation (USLE) Cover (C) factor 0.03 
CH_D50 Median particle diameter of channel bed (mm) 50 
RCN Concentration of Nitrogen in Rainfall 1 
CMN Rate Factor for Humus Mineralization of Active Organic Nutrients (N and P) 0.0003 
CDN Denitrification Exponential Rate Coefficient 0 
SDNCO Denitrification Threshold Water Content 0 
N_UPDIS Nitrogen Uptake Distribution Parameter 20 
P_UPDIS Phosphorus Uptake Distribution Parameter 20 
NPERCO Nitrogen Percolation Coefficient 0.2 
PPERCO Phosphorus Percolation Coefficient 10 
PHOS_KD Phosphorus Soil Partitioning Coefficient 175 
PSP Phosphorus Availability Index 0.6 
RSDCO Residue Decomposition Coefficient 0.05 
PERCOP Pesticide Percolation Coefficient 0.5 
CH_OPCO_BSN Channel Organic Phosphorus Concentration in Basin 0 
BC4_BSN Rate Constant for Hydrolysis of Organic Nitrogen to Ammonia 0 
Watershed Water Quality Parameters (.wwq) 
AI0 Ratio of Chl-a to Algal Biomass 50 
AI1 Fraction of Algal Biomass that is Nitrogen 0.08 
AI2 Fraction of Algal Biomass that is Phosphorus 0.015 
AI3 Rate of Oxygen Production Per Unit of Algal Photosynthesis 1.6 
AI4 Rate of Oxygen Uptake Per Unit of Algal Respiration 2 
AI5 Rate of Oxygen Uptake Per Unit of NH3-N Oxidation 3.5 
AI6 Rate of Oxygen Uptake Per Unit of NO2-N 1.07 
MUMAX Maximum Specific Algal Growth Rate at 20C 2 
RHOQ Algal Respiration Rate at 20C 0.3 
TFACT Fraction of Solar Radiation Computed in the Temperature Heat Balance that is Photosynthetically Free 0.3 
K_L Half-saturation Coefficient for Light 0.75 
K_N Michaelis-Menton Half-saturation Constant for Nitrogen 0.02 
K_P Michaelis-Menton Half-saturation Constant for Phosphorus 0.025 
LAMBDA0 Non-algal Portion of the Light Extinction Coefficient 1 
LAMBDA1 Linear Algal Self-shading Coefficient 0.03 
LAMBDA2 Non-linear Algal Self-shading Coefficient 0.054 
P_N Algal Preference Factor for Ammonia 0.5 
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Appendix 1. (Continued) 
CHLA_SUBCO Regional Adjustment on Sub Chl-a Loading 1 
 
